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PIXEICKBREREBEH I 7 F U RABEDKIE
R ' R —o)lE?

U B S A A TS T i P G TR R B TR 2 5 1
T305-8569 KIS < X/ NEF)II 16-1

PEFERKRENAA 7o burk s B —
T020-0173 & F A FRNEIATEIN T 234 348-58

SHATA Y b—T e
T113-8941 BLRUHL SURXAELA 2-28-45

1 [FC&HIC

HERERBE 2503 D R, SLILUBASIC X 2 BT MM CTE 2y, & 2 A, 1990 k% T,
FENEMOEE T —~ E LTHRY BTN FRITEA LR, ZO—RIE, 1992 B
o T L BFICBE T A EBEEASSH (MERBREY I v M) B L7 V= ¥ 21 ICHR2ER
ROLENEL AL NPT HETH D,

ZORMEICR DN EER S X, 10 TR Sz TR RTREZR B IC B3~ 2 tt L i ik
H (AR ATAT Iy M) T, BE SR, IWERLZEREE LTHRY BT, R
ETHHANFATNVTERHBETHLLNO X 515 Lz,

46. Mining, minerals and metals are important to the economic and social development of many countries.
Minerals are essential for modern living.

Enhancing the contribution of mining, minerals and metals to sustainable development includes actions at all
levels to:

(a) Support efforts to address the environmental, economic, health and social impacts and benefits of mining,
minerals and metals throughout their life cycle, including workers’ health and safety, and use a range of
partnerships, furthering existing activities at the national and international levels among interested
Governments, intergovernmental organizations, mining companies and workers and other stakeholders to

promote transparency and accountability for sustainable mining and minerals development;

(b) Enhance the participation of stakeholders, including local and indigenous communities and women, to
play an active role in minerals, metals and mining development throughout the life cycles of mining operations,
including after closure for rehabilitation purposes, in accordance with national regulations and taking into
account significant transboundary impacts;

(c) Foster sustainable mining practices through the provision of financial, technical and capacity-building
support to developing countries and countries with economies in transition for the mining and processing of
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minerals, including small scale mining, and, where possible and appropriate, improve value -added
processing,upgrade scientific and technological information and reclaim and rehabilitate degraded sites.

COXEF, LENMAERICE S THRETH D Z E2EHMEERT D L LIz, BESCHSICT
BRI U A O E R A HEBR L 22 W B 2RO T D, ZHLLIRE, BB R GRII R < A5
L. ZTNETO LD REF LIS EZ RO E LIZBUR (government) % XHF 5% 2 13 20
HTWD, T721F5, AIERREOERZIAS - T, IO EZRE LEET 5 NEE
LWEWIBZNERIZRY DO D, T2 TFHFIFERGRE &1L, &5 REICHEEZ o3~
TOANEIET, & 2E, HOEOHIILFAREZMED NGO NEHRL TWDHRHIEX, £D NGO
IFFIERRE CTH D,

SR OB 2w L, #5E (HWEHIE) 7572012, BIFCKFIRLSIEOA Y v 7
72T HURERICODEREZ AT T2 TR M - WIrT 280080 E L7205, B2, B’k
WZXTDADA X7 RPBREINDGHE . mERAMSES I n—KTTR T, BREE
T ARIE, ZORERICOWVWTHR TE LGB ME L 70D, AR TIX, £ 9 L7%E T PIXE
EHWTEETOREBREZ, BHEICHET LIz,

2 AJd7FUREIE

BT L2 & 91T, 2000 FELARE O TE TR B 1= BB O BUM 23— HRIC T 8O 2 B
RIPOPEITEX D0 EWIHIMBEEEZDOT LN TWND ES > THY, L L, ERSERSCEUT
DRI BT HIRERSAEERR ELERFFRRELSINESE, R 57V —T DM 2B L
LT, WIBRERE LY | BOR~IU S/ H1EEIXES TiEZe0,

COMBET THY s F R BX—U—FRELTHILNDBERMIIHDE, TU7rF R
(governance) &%, EHE, AL, HIG7R E LRI N D BELN, BIRREEROE Y R A5 Tl
LN S EEEISHIAT 5 2 & 209, B2 R B K/ N O AU D 53 23,
HBEOFREICH Y M X F S ERFIEEZRVIAALTL, MG 7 a2 Th o, FR0ESICED
WRDZATHE LT B D OFIE, DFY WU 7 AL M, SIS TH D, 72721,
HT7F o ALEESTH, HEDOHIE, HDH VL —HORFE 727 ha—Andb bbbl Tliizk
W BRFERIZRFIED & 501 TIERWO T, Bl Z LI, TOHFITESE I D LWERER SIND
NEER, TUVTICBILEHEMBEOHE TIE, ELEFDICHEEL T ARVWEREDbRS Y,

3 PIXE MRS &RE|

T OT B TEHAFEBROAT T 7 F 2 ABT DI AT Lb B TRV, LA > Ty
NHY « Bt G IR & Fr O BFJERSBEA . 1T 7 F 0 ARSI AN DY — L B FEME TR R L 1T <
MENDD EEbID,

BIRARDZ L OBIE T [RE—NV R —/L~< A = 7 (artisanal/small-scale mining) | & \>
I ELIE DS AER e & AT T 5, Thuid, BER EEOEKREIC X o TTbil, BREMEZ 1L
IFILERE TH D Y, BRE N ER EBERREEZ LEL ) LT hIE, BEREMICIEME T — 4
DL IRDN, AT—NVAT =N~ A = TOMBEERZ D720, BIREREOT T 7 F A
HEEICHOWTIE, SEEERBRERBODITNRLEL 5, £7-, BAICL > TLERER O
FEY 27 G AT 5 LEMENET B,

AART A Y b—TWHEERIEET RS A 7 2 he k% —(NMCC)?D PIXE (X, Al
BARE TR R E RO HIEZMEL L TR Y ERERER L BZ S OFEFEET D65 T,
29 LI BEHERILIC RIS TE D, W CTEFREETHD Y,
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4 ZEp
4.1 J4VEVDRE—LRT—ILIA =Y

TIHI I T EDAE—NAT— N~ = TIZONT EDLIIZPIXEDT — X ZHfF L,
HT 7 F o AOFEIIER Lizhs, BARE 2458 L=,

T4V TIIEHTARAE— N AT — )L~ = T PTHOIL TV D, —#ilZid 40 @ Hilik T 30
FTABEb-> TS EENTEY Y, Dheh b PR E OTEMELICERL T 5, LvL, &
FLOTME & BZ BN T, 1T LA EOYGFTTKREIBLHEZEH, Lrb, TOED HFWng
EART, ARG EIER LTS Y, FANC L > CRIREZ@HAH V. B ETHELDH
£\, HITTORNEFE L H Y O ZORBEO-DICIE, BUF b EFEE bR R L X —L T
HEBRRLLTEXELZIATHS 7,

RIRFIC S RSCHIEE R AY, 2372 V0 BiD B BRI BT 5 0 0 7 F o AEIZ D720
LEMEIT> TR, FEESZHEEICRHLTEZYY), ZhEZT T BRI v v
(JEFITEIL T & 2 i) T AR EZRET S22 &, Hilltta L & HICERZEHT 5
BT TWD, 72, 4FIF, AE— VAT — L~ =0 71220 T, XEMLIZEY 19
FEARELTIIWD N, 2 EED H1ES -PDI899 & RAT076- OBBAEIIN TV ARVWEL H
Y (Jasareno, private communication) . JE{T X (I AREFTH 5,

4.2 FEHEOE

F9. BBEROIT, BERICEN SN D @OMERARIARETH D, fEih OMIE 2 EmE G
TERWED, AEEZBIIT e ——n5EVINN TS, I T, B CTAT L4k
DHEZEIT 120 BRI T2E DXL TH W T 4 LA BIC LT L OB 2 RN, EB%21T-
77

Table 1 Chemical composition of a gold bullion determined by PIXE at NMCC

Element | Concentration (ppm unless otherwise noted) Error
Au 86.9% 26 %
Ag 10.9% 4.3%
Fe 3.6% 1.2%
Ni 28 21
Cu 1351 63
Ru 1257 419
Pb 2792 356
Ca 188 79

MRS 1T p 2.9 MeV, B — AT 1 nA.300 um Mylar 7 ¢ /L A &2 WA & L CHIE 24T - 72,
FORER, A 10%REEHETHZENRHELNI R -T2, £7-. BAMBITHLKEOEH S
L EORM G 722 LAV L= (Table 1),

4.3 Bk

w2, BIL (BRI OBEA) O, EORE, SR LT LMNITHONT, EEEN
R L T WO REN D - 7o, RINIERITKESD S, AL OFRIIEFEIC R =30 Tk
AT, EEFENTREOBINZ R, PRETRORFESOEROT 7 & 26 N #EAR
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BT MIERZYNTERNWTWe, 22 C U E AL/ ol E1To Tz, £ O R,
K 30ppm &9 SEHEE O L HIXEA E ZAMERRIA & LTRbNWD BEOEN, F%
BHLTWDEHHALE Y, ZoRIcES&, EHOIF, BREICK LT, HFEFATE 5
Dok v 2 — DR E S Lz,

4.4 BREDKREZ—ILVKYE

LA REHT D BSE, MR- Y T/MNRIT, RS 8| RIRROEE ZH 2 72b DT
bbH, WEZBLD & IR D JEITITIK RS, RIFPRBEEIZIZVO - LY & 7 — /IR TRED
BB E LT D, ZHDITITRESIEEICHW KN R L TRME L T b & PRS-
T, A EOREEZE%, W2 R, JwER. NMCC THMIKIL L. AEEREL LTh &
1000ppm Mz CTH—4 > b & L, p29 MeV, B —AEH 50 nA, 300 um Mylar 7 1 /L 2 Z WY
KET D8I - MESRMET Tt &1To 72,

Table 2 Trace elements determined for ash from a smelting hut, Philippines

Element Concentration (ppm) Error
Hg 117 74
As 8.2 0.9
Ag 74 1.5
Ti 23 1.5
Mn 413 25
Fe 986 60
Cu 12 0.8
Zn 43 26
Pb 117 7.4
Sr 83 52
Na 854 64
Mg 2531 175
Al 1263 89
Si 1570 109

498 36
S 591 42
Ca 8631 523

SINTE D S ITIRAN 22 KRG YL N & T D Ll S iz, JK Tk 100ppm A B, #— /LTl
7000ppm & D AKERDIRH X4 (Tables 2 and 3) . X T, MBESCIOBE LI LN/, 2D
FERIT, YEIFIRET — LB LTV 7 0 U B ELILEREL RIS E BITEE L7225, [FRIiEH
T & A, AT o 7o, B2 Z T 1258 - IR ERE 22 TR, RSN
EOEREZMEIITY Koo tz, £7-, WENPALRI I T, HAY OFIREHD T, K
REEAZ LT DB E CITITE S e h o 723 MEEOERMEAZ B ST 5 ETiX, —EDEK
W Do AR L oz,
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4.3 £

NMCC (I2BW\TC, BEIIRLIFRLISMWETE2H-EO 1 oTH Y 'V, ZOEEFEITRE
B EEOBBENORERHFHGZED TS, EFREEGER LTEBY ., Ay a s TiTbh
7= [ENEEBR BE B (UNEP) D22 T H NMCC @ PIXE 238D 1 > Th - 7= 2,

Table 3 Mercury and other elements detected in tar-like material from a smelting hut, Philippines

Element Concentration (ppm) Error
Hg 7,002 284
As 6.9 1.1
Ti 5.0 1.3
Mn 14 0.7
Fe 86 3.5
Ni 0.9 0.3
Zn 2,984 121
Pb 137 6.5
Fe 86 3.5
Ca 254 11

AFT— VAT =~ A = TOHEBENSLE L HTL 2D BEZDTOEETH S, BT 0
ha— L aE BT T ICHEERERN D NMCC OO TiEIT, B 6 L KA KR EES
NTng B 74BN TH, EHELIIKCVELIEEZIToT0DHN W, KA L
THET 2B CIE, BFROBAIRERE R D Z L Epot, e 2iE, vy v BAbi i, &tk
RO BRI KEDOKFENEE SN TV DBBIN RS- 72 D SIN TR AT ) A BIEL Y
b, HEFE CKBREHWZREHZIT ) Lth e, BRICWDIRED IS, KI5 R &
LN EEAMIOR LT ZORR S, 7 0 U EIRILHERRI R D 34 T D BRI EN IR
ST, Fhurn, LIEbL< oM, Z OEMIZKERE —BIEH L o7z,

5 #¥HYIZ

R EEEY 2 —7 Y M UTZREREBI O TG RIL, HoollEZ rsnensEnL<sH v, 4
E AL F — LN FEDH SN HHEBD 1 D2 > TW5b, EFHE LT, FEETARDENT,
VP HITEICHE R Z A L TRV, F/, TR EOMFEESLE T, TEXAHRVMHAEZITI LD,
DT TV B,

7 4 U B AR 5 EHOMFIERERIC O TIX, 2 B, MREES AL, A I TSI
AN LT, HANIZEEZ O 2004 45 1 H 28 HIZ, HRAICEDEHIREZRITL WD
O N AR EROREETH I LD LT, ROV A VB A FRBAEH S -F
X, ZOL D e HEBIREEEN, REEETH D LR L TND,

AT 7T v AE, FFEOHREERE T T, TRXTOABREERMCEDY | L—AED 25
D CHREICEY MTe, SOIXHAERNCE S BHER A ThH 5, O, BHEHIF~
DT 7' A, EWMARH, T LT, BREBOZ DN R0 LV RKNETH D, BERLEEOR
WECTHT7 78 ATES NMCC @ PIXE I, ZHETHIER»SHESN TV HEEZ DY
AT, RIRVEERDITOND THIZESTZEEoTHENWTHA S, D L L BEIRERED
pCiX, [EEBESBINREEOW b > T, T T 7 T U ABEIC-FHEZE L TND, b7
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AFE TR LT W22 0 — 3BT 1E, BREEE O MIERERBEF 70 S HEE Er 5 L OV H R IR IS o F)
IR E ST AWz, 7 0 U B U RnE BRERREIRE SLILHERBI R oL 2 BRI
X FIEDORAE—LVAT— LA = TIZDONWT FOFERE WV B < H{ILH L RT3,
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PIXE at the forefront of the governance promotion
in mining and the environment

S. Murao', K. Sera” and S. Futatsugawa3

"National Institute of Advanced Industrial Science and Technology,
16-1 Onogawa, Tsukuba 305-8569, Japan

? Cyclotron Research Center, Iwate Medical University

Takizawa, Iwategun, Iwate 020-0173, Japan

3 Japan Radioisotope Association

Honkomagome, Bunkyoku, Tokyo 113-8941, Japan

Abstract

Scientific instruments can help increase transparency, strengthen legitimacy, and foster broader public
interest through the provision of reliable data and information. PIXE at Nishina Memorial Cyclotron
Center (NMCC) presents a success story on the management and governance in terms of mining and the
environment in that (1) it is a robust and versatile tool to quickly and precisely determin toxic elements in
different type of environmental specimens; and (2) the obtained result can base good discussion and spur
cooperation among stakeholders.

Keywords : Artisanal/small-scale mining, Governance, PIXE, Philippines
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BABELBEICEITA2F A ZABERAHHMETROP 1 X ENM

PRRREL L MURIURR 2 A B2t RBEERC, RErE T mis T AT

VHOUE R L BMOKERE L 2 —
100-1511  FRUES I\ LB\ SCHT = 4R 4222

PRFL ARSIV ERBINE WP
206-8540 HURUANZEETEA H 2-7-1

SMEERKREY A 7 b A —
020-0173 AFRE FEREIRAT IR TE 03 4% 348-58

YHART A Y =T AR T
020-0173 & FRA FEBE IR IN TR 3 4k 348-1

1 XLHIC

AWFFETF AL A DEAZTEE, PEMTHEL T, METERoT 2T, ENZEN0ZENGMH
PRI D AIEEVEIC DWW THRFITT 2 b D TH D, T A XA JBIZITF > A XA Beryx splendens, 7>
3 7% A Beryx decadactylus,” 7 % > A Beryx mollis ® 3N LTI Y H A vk
TIHZO3ETRTHEREL TS, TNLDOF U AL A BAFEIT, T 3TKE 200~800m Atk
OWBIER LTS P, 2055, FUALA TifERLEL, KELEELRABETHY, &
VATXRUALTTRVR U AOWITD VD, FHIETHA I TWAETH B,

HARJEDIC I T DI, I\ LR 2 & et e Bifpk, DUER, BEWRED O s T
TORERMMEE L RS, 2 1,000km P EEEIL TV S, LA L, IRBHCTOBE &2 DRl
JBEEIXIZ & A B S TnRuy,

— BT, EEAEOBNEEREAHET S 7-010E, AR L TV AUHEREOME TR 2 KD
N ADT T AFA MERPIZER Y IARAEIEIZ DT > TEREIKGFEINIWERH 5 EOICBIT 5
WETROGHIN, AN THLEEZLND Y,

HTHLHAFOR hrrF UL (S EERBENE S, BEKPO SriRE, oy, KRR E
DEITIE U TEORENEAT D V2 nnb, £ < OREOAETERIESCELIEER O okt
G EINTEY ., ZOFAMITIT, AIGROFCHAKIk &K Z1T & KT 58 LREGL &,
ABA DR D 72— EPEEWEE T 2 HiEfA S, SnCa WRBHEICELT D22 ENBAMTH Y,
KIBRHAHFD SriCa KM L TWD Z L0 D, BBV, ARKEREZR L IZED TN &
WIORFZEIZ R SN TEL 9N, A5 TH 5,

Z 2T, AR IR A O B AN A BBREOMETHE A M EICER L, FU 244
L7URURADERERO ML, BATOIHEEL®BEICHEETE 5 PIXE I KV ETCH
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MRz AR L, HE T 2WEITROPEMB TORERZIGET L, [RIERE OfEY 72 & O AR R
IZOWTHRT5Z Lz AL T 5,

2 BIEFE
2.1 BLE

HAFUBHE 2008~2009 4212 )\ O 5 B AW T S i o A X A 12 iR, & Bl Cifg
Sz s fER, o SRR CRE SR 10RO AF 27 ETHD (K1) ., FUAXAOR
ik, ARAEREGICEY H L, ZREAKF CHEEFEES 30 /0 3 B9 L, EREEEIC LY
40°CT 24 VL B X2 7= 0 &b e & LTz,

22 HHBER

XU ALA 26RO EAY T NVDERS Z, CRRE&EY A 71 bk ¥ —T PIXEIEID
TIToT, BT MTHARRIC L, WEERELL L LZIRAIE OB HIEIC Lo ToOtr Lz »59, NGB
AL, 2TOV TN EE—IZLT, ~NaF a2 5720l Lz, ZohEE, v
TN ERIERER THABRNICB TR RICL, H—bL72bD% 105CT 15 iz sd, =6
WZH—bT 25, ZOHENRNT I LT—R UMK ENTIEEE L UCHEM, &%ICKH Img O
120° 130° 140° 150° 155°
40° ————— - , 40°

Sea of Japan |

_“;Japaq,

";/JHachUQan(n:12)

“~/Aogashima (n=5)|

30° 0
Pacific Ocean
L | Okinotorishima (n=10)]
o : 20°
120° 130° 140° 150° 155°

M1 F A XA PR & BB
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VB REANR XTI AN LD EICEE, FRLEan A TEESETON L, — . b
JRAGIE TR, o 73— LRI & LD B ESRIC AN, MR L CEEZFAILE, £
OH~A 7y 2—TTRILL, 3 SBIMEA LERIEfR, B TL08 S5ul 23y F
TT74NEDEIZES LThLHEIE, 7yReatenn ORI, LFK{EOEET
HERTDOT, LFRLTDRNCDEOY T VAR LT,

2.3 YEEARL FOARY—

yREARZ hr A R — 3R SRR LI HIEIC T T 00,

3 &% B

AEDOSHTTC, BADOHEETHDH AT Ca DIEFNT, 7 FU A Na, 7KL Mg,
TNHI=gAh Al 7A4FSi, S, BECL, WV VLK, FXUTi, XYLV, 7ok Cr,
#k Fe, =23~ Co, =w 47 /U Ni, @il Cu, #$H Zn, B> Se., FEBr, WEY U ARb, A1

UF 7 A Sr, $h PO UL E 21 FEEO TEN/ R ENTZ, ZoR TS5 AR EoEEN EThr sz

#F1.1 FUAFXABARICEENLEFECEZOEERRE (ng/g)

ERE (n=27) J\ LS JELHER (n=12)

e e/ DA K AR I/ ) iSO
Na 27 343.64 715.01 1593.86 12 540.59 853.79 1593.86
Mg 12 51.11 126.97 202.22 5 91.70 141.84 189.58
Al 5 36.77 123.92 343.64 1 - 36.77 -
Si 27 171.52 386.64 726.32 12 171.52 418.63 726.32
Cl 6 17.01 78.91 129.65 3 61.38 95.94 129.65
Ca 27 277800.00 381618.52  462400.00 12 306600.00 392558.33  441200.00
Fe 13 2.36 14.92 76.34 6 4.45 25.08 76.34
Cu 5 3.12 4.46 6.27 4 4.00 4.80 6.27
Zn 26 2.76 11.44 76.91 12 3.76 15.92 76.91
Sr 27 1336.94 1773.03 2448.08 12 1403.60 1800.10  2046.51

#z1.2 FUAXAHFACEINLIFEELEZOEERE (ng/g)
o B JEDHEE, (n=>5) B DR (n=10)

B /N R3] PN e /N B2 TN
Na 5 489.95 618.14 743.26 10 343.64 596.90 1298.41
Mg 1 - 139.54 - 6 51.11 112.47 202.22
Al 1 - 114.78 - 3 45.22 156.02 343.64
Si 5 310.60 384.71 462.16 10 194.87 349.22 637.36
Cl 2 70.47 84.30 98.12 1 17.01 17.01 17.01
Ca 5 319500.00 361520.00  424900.00 10 277800.00 378540.00  462400.00
Fe 2 4.96 8.50 12.04 5 2.36 5.30 7.09
Cu 1 - 3.12 - 0 - - -
Zn 4 5.01 11.47 20.47 10 2.76 6.06 11.74
Sr 5 1617.62 1913.18  2448.08 10 1336.94 1670.48 2010.08
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PIXE analysis of trace elements in otoliths of the alfonsino,
Beryx splendens, in waters of Japan
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Abstract

This study suggests the behavior ecological study as migration of alfonsino, Beryx splendens, by
analysis of trace elements in otolith of alfonsino by PIXE method. 21 Elements were detected in otoliths of
alfonsino, 4 Elements were detected from all sample. There were positive correlation between the
concentration of Si in otolith and the body length in waters of Hachijojima. This result suggests that habitat
areas of alfonsino has moved into deeper waters as alfonsino ages. Sr/Ca ratios of otoliths were not difference
between Hachijo area and Okinotorishima. This result suggests that alfonsino have inhabited similar
emvironments of salinity in waters of Hachijojima and Okinotorishima.
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Fig. 1 Photographs showing irradiating conditions of living plants in in-air PIXE
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Fig. 2 Typical in-air spectrum of a living plant (dandelion) obtained with a 300 ~“m Mylar absorber (indicated as a raw
spectrum). Result for blank-spectrum subtraction is also shown in the spectrum.
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Fig. 3 Net X-ray spectra of four kinds of wild plants normalized by the yields of continuous X-rays in the energy
region between 4.5 and 5.5 keV.
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Fig. 4 Energy region for taking the yield of continuous X-rays. Potassium concentration is determined using the
conversion coefficient and the ratio of the potassium peak yield to that of continuous X-rays in this region.
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Figs. 5 a) Comparison of the results of potassium concentration in four dandelion samples obtained by the present
method and by the internal-standard method.
b, ¢ d) Same as Fig. 5 a) but for b) chidomegusa, c) clover and d) arnoglossa, respectively.
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Figs. 6 a) Comparison of the concentration of four elements in a dandelion leaf for different irradiating positions. b, ¢
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Fig. 7 Changes of the yields of continuous X-rays in the region between 4.5 and 5.5 keV with erased time obtained
by irradiating pinched leaf of arnoglossa.
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obtained by irradiating living arnoglossa growing on soil. For the yields of continuous X-rays, the axis of
ordinate is in arbitrary units, while elemental concentration (ppm) is obtained by the present method.
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Figs. 11 a) Comparison of the results of potassium concentration in a leaf of nozawana obtained by the present
method and by the internal-standard method, where pinched leaves were analyzed.
b, ¢) Same as Fig. 11 a) but for b) Indian spinach and c) spinach.
d) Same as Fig. 11 a) but for Japanese parsley, which was analyzed while keeping it alive.
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Standard-free method for living plants in in-air PIXE

K. Seral, S. Gotoz, C. Takahashi® and Y. Saitoh?
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Tomegamori, Takizawa 020-0173, Japan

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

Abstract

A standard-free method for living plants in in-air PIXE has been developed in order to
clarify mechanism of elemental transportation and movement in farm products. The components
of the continuous X-rays originated from air and a backing film can be exactly subtracted using
a blank spectrum after normalization by the yields of Ar K[| X-rays. It is found by observing
the yield of continuous X-rays with passage of time that water content is continuously
decreasing during irradiation with a proton beam in a case of pinched leaves. Contrary, it is kept
almost constant during irradiation for the living plants to which water is continuously provided
through the roots. Stability of the yield of continuous X-rays is a required condition for a
standard-free method, which makes use of the yield of continuous X-rays mainly emitted from
water content. It is confirmed that potassium concentration shows no large position dependence
on a leaf, and it keeps almost constant during irradiation, which also indicates that regular
metabolism is going on. As potassium is always contained in all kinds of plants in large amount,
we designated it as an index element. As a result, it is found that the potassium concentration
obtained by the present standard-free method shows quite consistent values with those obtained
by the internal-standard method. The present method is confirmed to be quite useful for
investigating movement not only of toxic elements but also of essential elements reflecting
metabolism in plants.

Keywords : PIXE, Living plant, Standard-free, In-Air, Toxic element, Quantitative analysis
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Fig. 3 Representative sample from the Rokuromi deposit. 1: Limestone, 2: Sulfide-rich skarn, 3:
Sulfide-poor skarn, 4: Diorite. Positions of samples for PIXE analyses are shown in the
enlarged picture.
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Table 1 Chemical compositions of limestone to diorite in Fig. 3 determined by PIXE.

Sp-1 Sp2  Sp3  Sp5 Sp6  Sp7  Sp9 Sp-12

Distance* (cm) -0.8 0.3 04 11 1.6 22 3.5 7.4
wt %

SiO, 264 174 385 322 412 422 51.5 52.1
TiO, 0.01 0.00 0.08 0.50 0.74 062 0.83 0.71
AlO4 0.18 0.16 5.32 10.5 208 18.2 18.0 20.0
FeO 0.11 011 305 30.4 171 10.5 7.8 7.8
MnO 0.09 0.09 0.34 0.19 0.14 0.14 0.13 0.11
MgO 0.42 0.28 3.75 4.02 3.85 3.16 3.45 3.97
Cal 54.1 55.6 234 18.5 21.3 16.5 7.74 7.57
Na,O 0.00 0.00 0.10 0.11 0.24 0.89 2.46 427
K0 0.12 0.19 0.15 0.10 0.17 178 4.37 2.59
(COz) 425 436 - - - - - -

S 0.06 0.09 463 0.56 0.05 0.02 0.07 0.13
As 0.01 0.01 0.03 0.02 0.07 0.06 0.00 0.01
Total 1002 101.8 1005 971 1058 94.4 96.7 99.3

* Distance from the boundary between limestone and skarn to the position of analysis.
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ARl DBt PIXE Sy AT AT T T kb 7z ¥,

5 oWkER

OINTE R A Table 1 128 L7z, HHE®D Total DfEIX, 94.1~1054 wt %DEIZH 0 . IEH X BB
%5, Si& A, BEOEAOTTROLEIFET D LRMETHY . 2 DIuHEORIERE S RO R E R E
CIEfESICREBE B 2T\ D, 72, Na, Mg, Al, SiZDEHRIL, PIXEIEIZE > TUIXBONRY 7 7T
YRBEWEZACE = NHBT LR THY ., WENLEE LW ITETH L, HEMTIIINODZ LDl

OIZ, ZHTED Total IZIXIEH 2= 03H 5,
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Fig. 4 Variation of chemical components from diorite to limestone..

SiO, B &L, POfEE (52.1~422wt%) . AH/NLY (412~322wt%) . AIKE (2.6~1.7wt%) ~J&
LI B (Fig. 4), TiO, &A &%, P (0.8~0.6 wt%) . AL (0.7~0.1wt%) . AKFE (0.01 wt %)
N T B RIS ANV OO TIO, G A BT ANV HEEO T H AT 5 sp-3 TIE.0.08 wt %,
sp-5 TIEOSwWt% THY, KESERD, &b EOAKEENEAEDEREIL, sp-3 & sp-5 DMITTFEL
TWEAREMED B D, ALOs B A BHIL, SiO, & A & & [AFRIC, PIFEE (20.0~18.0wt%) . A ALY (20.8~
53 wt%) . AIKE (02wt %) ~BAT 5, —J5, FeO & A &L, Pifks (7.8~10.5wt%) »H AL (17.5
~30.5wt %) (Z2FTHEIML, AKE (0.1wt%) ) ~ED T 25, CaO FA &L, Si0,. ALO;, FeO &

DOIEAL L B2 AR (55.6~54.1 wt %) 725 A B Ly (23.4~18.5 wt %) . & HIZIZPIRAE (16.6~7.6 wt %)
~EWAT D, SEAREIT. FeO LERIL2ZbZ Rmd, SEAREIE. MfkE (0.02~0.13 wt%) 72H A7
L (0.05~4.63 wt %) (THTFTHEIINL, AKE (0.09~0.06 wt%) ) ~EDT 5, As A &L, Mikas
RPNER (0.01 wt %) 26 P9fkE — A /v CBEFSIC AT T (0.07 wt%) L., KA (0.01 wt %)~

9% (Fig. 4),
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B ONTRE OIS KOV OB & s 2 W O A B LTz, Si0,. ALOs, CaO & A
BOEIE, FEHOEYHAE L TORILOEICHIE L TWS, FeO & S aARDZE L, BEEKILORE
TRERHL 72 BRI O BAYZAGITIHE LTV D, As A DI, FBLERIL & SLEEL D BROZE L 2 )b L |
FRICREBRIE DN Z < FRO BN D E A N ERRE A BOTMTITHIE LTV D, 2D X212, KE»bAIREE
TOALFEERZEAL & SR B O ZAL ORI 72 B A O b b,

POk 22 DA PCE £ TO Siy Tiv Al Ca DALZAAA LD T 6 DOILRRE AR, HEAAL R
KD @R ORI OILHUC K D e R OBBIC LV BRIzt EZX b D, —J. Fe. S DILFHMMAE X
WAL ORGSR LN 2 < FFAET DA & ATV v ORI TEn < L AR AE & PIRkE O 520N
NODREMET T 20M%ar7T, ZDOFe & SOEGAREMIT, AWV HEOTTHARKSE— ANV 5
SRV AT, Z OB & EATICELS L CTRE L TV D, Fe X0 SIE, S LAEMICBIM 92 EE 2 c#E T
HY . AR LV ER SN TR E D, ZH DT L, Fe XS & LI bR A K & kS O
BEFRERD AN AEOMEF AN VATICBE LI 2 LRI bOREN OB roififishi-2 L %
R AREMEDR B D, AFR L D K0 B THRAE L Fe R0 S A befibiitikns, AKE & Bk a0 R %
TEBERE S L CBE L, A L RE OB T IR =T 2 AUV WIS A SR A TR S ik
IERZGIEEZ LIZATREMENRE X b,

5 F&oH

PAkkE D B AIKAICT T, BfE — ALy — BUEIZEDL A BV — AIREDEYIDED D
NBFEHZOWT ., WA . PIXE B L AEZONFE RN LU TFTO Z ENE LR,

1. PIXE I X DAL Mt R & SR AW & SR Bl O ZBABITIZ B WSS A58 H iz,

2. PEENDLAIRAEE TO Siy Tiv Al Ca DALZEFARRZE I, BEARZS RAE A IE O B R O R o Ji1k i
LD RFOBEICLVERINTZEBZBND,

3. SALIEAICEIET 5 Fe & S OILFEMR A LIT, AIKE LA DNV ORI TE . AR LK
TRE O TS NEILS OIREPMK T 5504 Z 2~ L, Si. Tiv Al, Ca DILFMRZE & 1TRR D, AR
IRED KV EETHRAELTZ Fe XS 2B THMLIRIED, AIKE & ke DB RS2 BEREK LS LTBEIL,
R & ks OB FERANTIC R ET 2 A WV ISR 2 B S EEM LB 2 5l & 2 L7 vl Re

B D,
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Zonal distribution and chemical variation of ore samples from the Rokuromi
gold skarn deposit, Kamaishi city, Iwate prefecture, Japan

Daizo Ishiyama', Kazunari Mori', Mayuko Fukuyama'~, Koichiro Sera’ and Toshio Mizuta*

'Graduate School of Engineering and Resource Science, Akita University
1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

’Institute of Earth Sciences, Academia Sinica
128 Academia Road Sec. 2, Nankang, Taipei, 115 Taiwan, ROC

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

*International Center for Research and Education on Mineral and Energy Resources, Akita University
1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

Abstract

Samples having a zonal structure of diorite, skarn, sulfide mineral-rich skarn and limestone from the gold-rich
Rokuromi skarn deposit were examined to consider transportation mechanisms of heavy metals. The diorite consists of
plagioclase, pyroxene (salite-ferrosalite), amphibole (hastingsite-ferropargasite, edenite), and biotite with small amounts
of pyrrhotite, arsenopyrite, loellingite and chalcopyrite. The mineral assemblages of skarn are large amounts of
plagioclase, pyroxene (salite-ferrosalite), garnet (grandite) and magnetite with small amounts of pyrrhotite, arsenopyrite,
loellingite and chalcopyrite, and those of are sulfide mineral-rich skarn large amounts of pyroxene (salite-ferrosalite),
garnet (grandite), and pyrrhotite with lesser amounts of magnetite, pyrite, arsenopyrite, chalcopyrite, native bismuth and
bismuthinite. The limestone consists of a large amount of calcite and a small amount of pyrrhotite. The SiO,, Al,O4
and TiO, contents of those rocks decrease from diorite to limestone, while the CaO content increases from diorite to
limestone. The FeO and S contents are high in the sulfide-rich skarn between the limestone and skarn. The patterns
of chemical variations are different between the group of SiO,, Al,0; TiO, and CaO components and the group of FeO
and S components. The variations of SiO,, Al,0; TiO, and CaO contents are thought to have been formed by diffusion
during the period of skarn formation, while the variations of FeO and S contents suggest that Fe and S were supplied by
hydrothermal solution passing through the boundary between limestone and skarn.
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MER/\BETHEMISELET 2ERE ") ViBEH KO MK FEIEH

NER ! mlR=" R

VRK R LRI AR TR

010-8502 FKH T FHRFZET 1-

PUEERKEN A /e hr s X —

020-0173 & T RS TASHE IR A T8 3 7k 348-58

11XC&HIC
A I B S AN AL E T A \ERIEIE, 58 RO . BEIEPE 2 B I THEENM TNz, 1960

AL E T 17,000ha D FRHIANERL S 4L, BEEEEINBTE BITHON TV D, 1980 RIS, THHN O
FEHEK & FBRAFA~PE T 2 MigR 0 1 -5 T b 2 i HE S Fe R o0 sk 2 5T BRI & BB 2 Tt
DT BHNIZKILT, U ARENE~+H ppm OIBEHKPHERIND Lo, ZOU VRENREWN
HHAKIZOWT, COD, T-N, T-P, &BICFELFRDREORENEMIATOI, BEZLOE=2T
TPTOITND, AFFETIE, A=V U 7LV EKLIEHTK (EIREY SBHK) ) K OF
2R T D FALF R SOBBWI S ORI A O T 5 2 & S BITEEFE - KRFNRHORER G &

IREE ) ABHUKOEIEOREE 21T 9 Z L 2 ARV E LT,
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2 BRI S & BAIE

FELOBEUL 200949 AR —V 755

Y EHAK (LT Y @k, 2010 4 10 A

e T

WCBRIS TR (LU ) A obrsesge &
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™
':r‘ o ﬁ\!“"k
! |
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e

72 % /KRB OB K 2 Sl L7z, A/KEBHE, U >~

UK ASK S 2 A & HOT Y 1
FOFTORRD K=Y L IABLEALEMT g

K (G1~G5. 5 »fr, RE2.5~82m)., TH#HHin

2 =1
O RS & LB 2 8 U C IR
17 (AT RRARHD) ~HEK S 2 %MK (DI, R
D2, 2 » [T, FEAFMWIA (LI~L3, 3 »FD. T FBRE
(1037m)

P E K (R1I~R7. 7 » 7). FEIEHITEMI

Fig.1 : Map showing sampling points around Hachirogata

DOHEDTHEEAK (S1, 1 »F) ZThThikLiz
land reclamation area.

(Fig.1, Table 1),

Bl C OFBHREURIZ (X, /KIE, pH, BR{LiET

BNLDOWEZAT o7z, BEHT 0.45pm DT 4 V2 —TAHB L., TH URksy. Wilg, HFER EDO s s %
HIET D120 OB OB & RS & PIXE i THIET % 720 OFBHI 01T TERAK 21T > 72, BiE 13S0
A, B I IRURHEIR Y 3% ARSI Z 72 2 & 9 I\ BN CREE L 7=, PIXE {£IC L 2 BB sy (0.45um 2L k)
IONTRREHT, AR THALEZRY D—Rp—b « 74N E—%ZOFEFHREESTEH L, 045um O~
1 VB — i LRk, ARy Na's K Mg™', Ca®', CI, SO IREEZ A 4>/ u~ b T Tk,
Z DM OBERSIE, REHANL & 8RO In (10ppm) IR 2 M Z T2IRATEIR 10pl Z AL 2 —IZH bz A Y

TrEL YT VAT R L 80°C T X 7-1%, PIXE BTN L7z,
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Table 1 : List of concentrations of major element, suspended materials, and oxygen and hydrogen isotopic

ratios obtained from the area studied.

FIEF A (mg/1) SEEWRES (e g/ B%E- KERIRH L
pH  Eh(mv) Na K Mg Ca cl so4  T-P Al Si Fe 3 Dsmow(%e) & "*Ogpg(%e)

Gi 9181 -3(FEA.2m) 79 78 a7 54 21 47 54 AN 32 129 300 101 -7 -8.0
G2 91B-5(FE31m) 89 -71 140 41 02 01 39 23 43 74 196 74 -49 -81
G3  U»Bik 93p11(FE25m) 83 15 100 100 05 04 34 23 76 128 21 58 -50 8.1
G4 93681 -2 (FE:6.0m) 9.0 -46 250 7.9 0.4 0.2 64 22 17 48 108 10 -47 -83
G5 H16B-1 (ZRE8.2m) 90 -35 160 45 01 02 69 26 81 65 180 444 -47 -i8
D1 B AR HEK B 1D 79 224 61 6.7 1 20 85 N 1,333 4556 878 -45 -72
D2 BRAA E[#:15% e 3] 71 341 63 8.6 13 26 79 40 5,886 18,542 3,459 -37 66
K} EORRE 72 427 17 33 51 77 27 14 1318 4,751 944 -7 -78
L2 ik BLE 8.0 336 21 34 55 8.3 25 12 1,316 4,985 775 -13 6.8
L3 B #nAPT 80 259 45 41 73 11 66 20 1,304 4,993 719 -48 -7
R1 BE)EE 73 305 20 3.3 4.8 9.6 26 20 333 770 kAl -9 -78
R2 ERESEMN 79 359 7.8 0.6 2.3 5.7 6.9 6.3 20 61 14 -53 -8.7
R3 NI 76 295 14 22 33 66 16 10 303 781 324 -49 -82
R4 Ak s i5 286 19 3.2 4.0 73 25 17 599 1,369 445 -48 78
R5 EEHE 76 317 12 1.2 31 7.2 11 10 196 521 121 -52 -84
R6 NRE 72 393 18 33 31 6.4 27 14 426 1,156 284 -7 -78
R?7 BIFIFDHE 7.0 206 26 51 71 18 34 25 91 214 1,014 -43 -73
S1 Ak RO SE 73 335 19 23 48 13 22 13 3 12 1 -50 -8.6

3 BTFEES EBRAMS DR

U UABEHAKD pH I, 7.9 205 9.0 DFFT A VIETH D DITK LT, TSSO EERAK, FEIFEHK,
JEIFIAKD pH 1L, 7.0 225 8.0 THME~GIT VB U A /RT, AT O FAL PR IREIL, BEMAKT
1% Na'=61~63mg/l, K'=6.7~8.6mg/l, Mg*'=11~13mg/l, Ca®'=20~26mg/l, CI'=79~85mg/l, SO,*=31~40mg/I,
FEAFIHK TIE Na'=17~45mg/l, K'=3.3~4.1mg/l, Mg*'=5.1~7.3mg/l, Ca’*=7.7~11mg/l, CI'=25~66mg/l, SO,* =12
~20mg/l. JEIIT)IIAK TliE Na'=7.8~26mg/l. K'=0.6~5.1mg/l. Mg*'=2.3~7.1mg/l, Ca*’=5.7~18mg/l. CI'=6.9
~34mg/l, SO,7=6.3~25mg/l, H/KTIL Na'=19mg/l, K'=2.3mg/l, Mg*'=4.8mg/l, Ca’'=13mg/l, ClI'=22mg/I,
SO/ =13mg/l ZZNZh T, U U ABHIKUSAO S EFRIT IR L, CIREE % BT IZALE PG &
BERKD) R LEL . BB BRI EITR2)DN)IK A K HIKW (Table 1), Fig.2 1 CITEEIC
*I DK FALFR Sy DIREE 27k LTz, Fig(a)DFERIT, BEKEMKICE TN DK ELFEMD DOREMRE
AT, U BHIKZBR  OFEO Na MR EE X, BK & BERKDT — X Z 8o ATEEMRGH)IT < AZ/HT L,
LbEKEMKDOIBERRITENE ZAIZHT — 2 BT 5720, Na OEJITIEE & RERKEHE S
%o K Mg I3 ERBNCO T2 DD, IBAMRE D 2~4 (GREBRENE WV E Z AT —Z 2345540 L., Ca¥',

SOMMHRAME VW REAND L AT =2 B0 HT 5720, FFEFRFEOFSENEVNEHESND, Y
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ABHIK O EAF RO IREEE, Na'=60~250mg/l,
K'=4.1~10mg/l, Mg*'=02~2.1mg/l, Ca*'=0.1~
4.7mg/l, CI'=34~69mg/l, SO,7=22~31mg/l & /<7

(Table 1), U >BHIAKIZ, Joib L7212 D KEE
LB LT, Na', K', SO BENFEL ., Mg e
Ca IENMRNRFMAE R, £, U iHHAD
CIEEE 1T, VEEE R ICOnEIMEm 2R L,

FEREPHIZER AWK & LT 5 (Fig2(a). (b)),

Fig2(b)iZ, V »iBHKD CIHRE & Na'JRE DO Rf%
R, MR OFERIT, BAKLMEKDREGHRZ R
LTCW5, UKD Na'JBRE & CIREE & o
ICERPET A <V IRERE D 2~4 572 Na IR EZ (T

BNE AT —E BT 5,

(mg/)
80

D2 DI (a)
t Na

®Na MK

60

40

20

300

250 L] (b)
200 |
150 |
100 L)

50 -//_/ﬁ/ﬂ/Na
0 L 'l—i—l—'—o -

0 25 50 75 100
Cl (mgh)

Fig.2 : Relationship between the Cl- concentration and
major element concentrations. (a) : river water,
spring water, residual lake water and agricultural

water (b) : high-phosphorus spring water

RIS IE. AL, Si. Fe 2 1k4y &9 5 (Table 1), SREWRLST D Al Si. Fe #EREIL, AL HEAESE S

BEAKT DEEHKP R L E, MRS D OEERKDDIZ, Al Si, FeiB#E L HIT LI MH L3 D3

MAETDFRAFIIK & AR 72 2 7§ (Table 1), RIEMK & EZERKDEK S D BRAFWN T IZmVMEZ R 2

LD, BREYIR . BRSNS ERER EHE SN D, 7. U BHKD 2 S OIBREYRL 5 DR E

(I, B B BB IREEFT(R2) 2 RS & AR L7283k o Tidfgn,
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4 ) UBHKOERERS
U K ORIR SIREGEHEET D720, Kk
IKOWEFE « RFFRNAZRE Lz, JIE Lealpt
. BB RIZAR =Y TN BD U BHKDIX
D, RZERK, BRAFHIK, AWK, K TH D
(Tablel, Fig.3), & /KaEFOEESE - KB FINLIAR LI
FKKTA v (BD=85"0+17) 12> CTT — & M43 Ai
T 5. SR KIE SD=-37~-45%0.8" 0=-6.6~-7.2%0

T, E L7k i & R 35 - AKSEFIALIR LS =,

053

TEWIAKIT SD=-43~-48%0. 5'°0=-6.8~-7.7%0. J&EIiT

JII7K 1L 8D=-43~-53%0. 8'50=-7.3~-8.7%o. 1HE/KI% 8D

=-50%0. 8'°0="-8.6%0% ZNZIRT, U I ABHKDEEHE  KEFRALIAIL SD=-47~-50%0. §"*0=

TEAF T OB ARE(L2) 2 B < ZRAFIHIK & G55 BV IK OFZRFEE

SHOSMOW(%n}
-10 9 -8 -7 -6 -5 -4
T T T T T _30
Meteoric Water Line
(8D=86"0+417) 1 35
1 40

Fig.3 : Relationship between 5'°0 and 8D value

of water obtained from the area studied.

Ze o < FRATIAUAI A & P SR C ELERAER KB D/ S 7230 AT DK & FRL L 72 RN AR 2R

£
4]
(u%) MDI\ISGQ

S

-7.8~-8.3%0

HEAT(R2) & EEEERS), HIHEDOMERT)

Fig.4 [Z/KBRINIRLE & CIREORRM AR Lz, K AT, BKERECTREABRKINTODREAKRD 10

EROEIE (3D=-54%0, CI'=Tmg/l, LLT[EK) &
RS HE AR 2 B KT 2 BRI K OIR A, B #i
VXK & FRAF IR > & i SR DT 17K RPFR AR K
L OREHZRT, B A EREZIRIEETT(R2)
DFEHE, BEAK & FERZ2KFRINAREL & CIREE 27
T U IABMIKIL A B ETEMAICOML, B
REDOYE GD (8D=-47%0, CI'=54~69mg/l, %
4.2~8.2m) L ERIIEE D GS (3D=-49~-50%o.
CI'=35~40mg/l, R 2.5~3.1m) IZXBI&N D, £
IR EE DRV GD 13 FR A Fa AR O B K P OB (L3)
FE—BT 5. BIAKMIZE e AKES 5 & 547
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Fig.4 : Relationship between the 6D values and
CI' concentrations of water obtained from the

area studied.
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WI~HEKT 2 REEMKZKNRHEE U, B0 6 BAE~PEKT DM TH 5, TREURE DRV GD DY
WK, RERRDIEAKIC K0 AR S AUERL L7 B K JERA OWIK L FIEO b D LHEE S D, PREIE
FEDIEN GS DU B KT TRITRE OYRVY GD REZEKBEKICE D EHICHREhbo LHfEESh
Do LIEoT, UV IABHKICEET 27KIE, PP RS S P 2 RERADBRKIC L D AREh
HLONEFEBZHILD,

5 F&H

J\BISIE T PN R R HE A 5P SRR 1 k(S L JRFTRIICHERR SV D U B K D BRI S B R &
BG4 2K EME L7k, LU T Offim & 1572,

1. U UKD CHREHMIL, CI'=34~69mg/l Z 7/~ L, FRFIHIAKD Cl=25~66mg/l L FEEIT 5, Fi-,
flLoFEIK & Bl LT, Na'y K'. SO REEAE <. Mg & Ca” JREMRVME M 27~ L, 51T Na R
1@ <. Na'=87~250mg/l 7~ 7,

2. U KT, B PRS0 DHE T 2 BRERKDPEAKICL O ARINTZLOREREEZ X B D,

BEEEHKORBEAKIC L DFIROEE L, B TiEE <., EHTIHE,
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Geochemical characteristics of high-phosphorus spring water

in Hachirogata land reclamation area, Akita prefecture

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 020-0173, Japan

Abstract

The purpose of this study was to clarify the geochemical characteristics of high-phosphorus spring water in
Hachirogata land reclamation area, Akita Prefecture. Concentrations of major elements in the spring water and
suspended materials over 0.45 pum in the water were measured using ion chromatography and the PIXE method.
Cl'concentrations of the high-phosphorus spring water were 34-69 mg/l, similar to the concentration range (25-66 mg/1)
in Hachirogata residual lake water. Na®, K" and SO4* concentrations in the spring water were high and Mg”" and Ca*"
concentrations were low compared with concentrations in other water samples. The high-phosphorus spring water is
thought to be derived from mixing of precipitation and agricultural water from a drainage pumping station in the
southern part. The mixing ratio of precipitation to agricultural water (precipitation/agricultural water) is thought to be
high for high-phosphorus spring water derived from shallow part and low for high-phosphorus spring water derived
from deeper part.
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0.5~1 mg? Z < D EDOHFZHEI O 2 MEST D72, RY I —ARx— FELHEHIZ &
T v 7 EN T WE AT OIE S A OB O F 3 T S PIXEIEIZ K D AThivTe, AfBiRaEHc >
Wi, 0.2 um, 0.6 um, 0.8 pum®DPEMRIZ L L T, 0.4 pmDOPEKROEE 23 D72 < | S AREHZ 2
TiX, 04 pm, 0.6 pm, 0.8 pmDIEHEICHLEE L T, 0.2 umDIEHDZEE N D 72 v - 72, PIXEIEIC & B HE Y
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WZHIETE DA B 5
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Characteristics of chemical analysis of geological samples by PIXE
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Abstract

Chemical analysis of fine-grained power samples from the Geological Survey of Japan trapped on a
polycarbonate filter were carried out by PIXE to measure the chemical compositions of geological samples having
small volumes (1 to 0.5mg). The variability of results obtained by using a filter with a pore size of 0.4 pm was
smaller than the variability of results obtained by using filters with pore sizes of 0.2, 0.6 and 0.8 um for rock
samples. The results obtained by using filter with a pore size of 0.2 pm were better than the results obtained by
using filters with pore sizes of 0.4, 0.6 and 0.8 um for ore samples. Results of chemical analysis of powder samples
of Japanese rock standards by PIXE were slightly different from certified values by the Geological Survey of Japan
because of self-absorption of characteristic X-rays in measurements. Calibration factors were calculated on the basis
of the measured values and certified values. The use of these calibration factors enables accurate results to be

obtained for small amounts of powder samples of rocks and ores.
1 Introduction

Natural geological samples are generally heterogeneous and often contain low concentrations of trace
elements. There are various methods, such as PIXE, XRF and ICP-MS, for chemical analysis of geological samples
(Goodall et al., 2005; Vaggellia et al., 2003; Zhang et al., 2011; Giulia et al., 2008; Sila et al., 2010; Zhang et al.,
2010). Kano et al. (1983) developed a method of quantitative analysis making use of the continuous background,
Koyama and Ito (1991) developed a standard-free method that makes use of the ratio of peak yield to yield of
continuous X-rays, and Sera et al. (1996; 1999; 2002; 2006; 2009) developed a standard-free method for quantitative
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analysis of bio-samples and a powdered internal-standard method for quantitative analysis of soil, ash, sediment,
deposit, tailings, powder sample of rock, etc. The aim of this study was to develop a method for chemical analysis
determined by PIXE for small amounts of powder samples of rock and ore samples trapped on polycarbonate filters

with pore size of 0.2 um, 0.4 pm, 0.6 um and 0.8 pm.

2 Experiment

2.1. Samples

In this experiment, fifteen samples as standard reference samples from the Geological Survey of Japan were
used for chemical analysis of concentrations of major, minor and trace elements using PIXE. The samples included
JB-1a, JB-2, JB-3, JP-1, JGb-1, JA-1, JA-2, JA-3, JG-1a, JG-2, JG-3, JR-1, JR-2, JZn-1 and JCu-1. Detailed

information about sample collection and handling can be found on the homepage of GSJ.

2.2. Sample preparation

The membrane filters used in this study were made of polycarbonate with characteristics of low non-specific
binding and optically translucent, extremely uniform, cylindrical pores, excellent chemical resistance, good thermal
stability, non-hygroscopic and extremely weight-stable. Membrane filters with pore sizes of 0.2 um, 0.4 ym, 0.6 um
and 0.8 pm were chosen as the target filters for characteristic X-ray and continuous X-ray background measurement
to determine the concentrations of major and trace elements in order to find the most suitable target filter.

A schematic flowchart of the procedure for preparing a powder sample is shown in Fig. 1. The target filter was
prepared as follows: 1) the powder was weighed for ore samples (2.0 mg powder) and rock samples (1.0 mg
powder), 2) the powder was dispersed in distilled water, 3) the solution was vibrated by an ultrasonic cleaner for
about 3 minutes to completely disperse the power, 4) the membrane filter was set on the filter holder, 5) the solution
was transferred into the funnel of a vacuum filtration system, 6) the internal wall of the beaker was rinsed with
distilled water, 7) the solution was filtrated by a vacuum filtration system, 8) the filter was placed on the slide as a

target, 9) the slide was kept in a polypropylene bottle for PIXE analysis.

2.3. Analysis

Chemical compositions of the samples were determined by PIXE at Nishina Memorial Cyclotron Center
(NMCC), Japan Radioisotope Association, using 2.9 MeV protons from a baby cyclotron. Beam currents,
accumulated charge and typical measurement time were 20-40 nA, 11-19 uC and 5-10 min, respectively. X-ray
spectra were analyzed using the SAPIX program. Quantitative data were obtained by the combination of data

determined by PIXE and certified values of the standard reference samples from GSJ.
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Fig.1. Schematic flowchart of the procedure for preparing a powder sample for analysis by PIXE in the geoscience field.

3 Result and discussion

The relations between values measured by PIXE and certified values by GSJ for the contents of SiO,, TiO,,
Al,03, MnO, MgO, CaO, Na,O and K,O for rock samples are shown in Fig. 2. Data for P,Os were not examined
because the amount of P,Os was very small in the reference sample and the amount was lower than the detection
limit of PIXE. The results for values determined by PIXE and certified values of JZn-1 and JCu-1 were shown for
contents of Cu, Zn, Pb, Sr, Cd, As and S in Fig. 3. The results show an overall good correlation between

concentrations measured by PIXE and the certified concentrations except for JP-1, JB-3 and JA-1.

3.1. Relation between measured values and the pore sizes of membrane filters for rock samples

The concentrations of oxides of Japanese rock standards detected by PIXE were estimated with reference to

known concentrations of elements in the rock standard. The elements were Fe for JB-1a, JB-1, JB-3, JP-1, JGB-1,

JA-1, JA-2 and JA-3 and K for JG-1a, JG-2, JG-3, JR-1 and JR-2. The recalculated concentrations of SiO, and
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Fig.2. Scatter plots and calibration lines of measured concentrations of oxides against certified concentrations when pore sizes of filter

target were 0.2 pm, 0.4 pm and 0.6 pm. The red dashed line is the ‘y=x’ line, and the black solid line is the calibration line.

Al,O; were overestimated compared to the certified values. The recalculated concentrations of MgO and MnO
were underestimated compared to the certified values. For SiO,, the slope of the calibration line (Fig. 2) was
used as the calibration coefficient to evaluate effect of pore size of the filter. If the slope of the calibration line
was close to that of the line of ‘y=x’, the result of the concentration of oxide component determined by PIXE is
accurate. The slopes of filters with pore sizes of 0.2 pm and 0.4 pm are 1.91 and 1.45, respectively. The filter
with a pore size 0.6 um, the calibration points were scattered on the plot, and the calibration slope was therefore

not obtained. The results suggest the filter with a pore size of 0.4 um gives better calibration than do other
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Fig.2. Continued.

filters. There was a large deviation relative to the calibration line for SiO, in the samples of JB-3 and JA-3 compared
with other reference samples. The reason is thought to be related to the sample itself or systematic error from the
process for preparation of the filter target. A similar tendency was observed for Al,O; and Na,O: a pore size of 0.4
pm was also better for obtaining an accurate concentration. For MnO and MgO, all of the calibration lines were
regressed on the right side of the line of ‘y=x’, and the measured concentrations were significantly lower than their
certified values. The slopes of the calibration lines of 0.2 um, 0.4 pm and 0.6 pm were 0.83, 0.80 and 0.77,
respectively, for MnO and 0.88, 0.91 and 0.92, respectively, for MgO. The filter with a pore size of 0.4 pm was
better for analysis of MnO and MgO. For TiO,, CaO and K,O, all of the calibration lines were almost the same as
the line of ‘y=x’, and the measured concentrations were almost equal to the certified values. The slopes of
calibration lines of 0.2 pm, 0.4 um and 0.6 pm were close to 1: 0.95, 0.96, and 0.96, respectively, for TiO,; 0.96,
1.00, and 1.05, respectively, for CaO; and 0.97, 0.97, and 0.96, respectively for K,O. The filter with a pore size of
0.4 um was also better as a target for these oxides. The degree of linearity of data obtained from the measured values
and certified values was much better for the filter with a pore size of 0.4 um than for the filters with pore sizes of 0.2
um and 0.6 pm.

For confirming the reliability of the results obtained, data for concentrations determined by PIXE was
examined statistically by a statistical program (SPSS17.0). Univariate analysis of a general linear model (GLM) was
performed on the measured concentration data. The GLM univariate procedure provides regression analysis and

analysis of variance for one dependent variable by one or interactions with factors can be included. The profile plot
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Fig.3. Comparison of the measured concentrations of trace elements obtained by PIXE with the certified concentrations of JZn-1 and JCu-1. The
pore sizes of the filter target were 0.2 pm, 0.4 um, 0.6 pm and 0.8 um. The dashed lines represent the lines of certified values determined by

GSJ. If the measured concentration of the element is in agreement with the corresponding certified concentration, the plotted point of the
element is either on the dashed line or adjacent to the dashed line.

of estimated marginal means in the SPSS GLM is a line plot for the mean concentration of each oxide and shows an
interaction between the pore size and reference sample (Fig. 4). For example, the shapes of lines of 0.2 um, 0.4 pum,
0.6 um and certified value for SiO, content are similar and parallel to each other. That suggests that there is no
interaction, but the line of 0.4 um is more adjacent to the line of the certified value relative to the lines of 0.2 um and
0.6 um, though the measured average concentrations of 0.2 um, 0.4 um and 0.6 pm for SiO, are larger than that of
the certified value. That means that pore size of 0.4 pum is better as a filter target for analysis by PIXE. For other
oxide including of TiO,, Al,03;, MnO, MgO, CaO, Na,O and K,O, the filter with a pore size of 0.4 pm is better for
determining the concentrations in rock samples. The small table inserted in each diagram shows results of post hoc
tests of pore size. The results are listed in order according to their mean value for the dependent variable with the
pore size groups. Here, for SiO,, the certified value group is shown first as this group has the lowest mean
concentration and the 0.6 pm group is shown last as this group has the highest mean concentration. The subsets
show the mean concentration from each group listed in different columns. If the means for two groups are shown in
different subsets, this indicates that there is a statistically significant difference between these two groups.
Conversely, if the means for two groups are shown in the same subset, this indicates that there is no statistically
significant difference between these two groups. For example, the mean concentration of the certified value for SiO,
is shown in a subset indexed as No. 1, whereas the mean concentrations determined by PIXE using filters with pore
sizes of 0.2 um, 0.4 um and 0.6 um are separated into another subset indexed as No. 2. The results indicate that the
mean concentration of the certified value is significantly different from the mean concentration of three other filters
with pore sizes of 0.2 um, 0.4 pm and 0.6 um. However, the mean concentration using the filter with a pore size of
0.4 pm is closer to the mean concentration of the certified values than are the mean concentrations using filters with
pore sizes of 0.2 pm and 0.6 pm, suggesting that the filter with a pore size of 0.4 um is better for measurement of
SiO, content. Another example is for TiO,: the mean concentration of all four groups is clustered in one subset

marked as No. 1, suggesting that there is no significant difference among the four groups. Each of the pore sizes can
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Fig.4. Profile plot of estimated marginal means of oxides derived from statistical calculation through carrying out SPSS. The small table inserted
for each shows results of post hoc tests of pore size. The dashed line represents the certified value of GSJ rock standard, and the solid lines
show the measured concentration of oxides using the filters with pore sizes of 0.2 pm, 0.4 pm and 0.6 um.
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be a good filter target, but considering other oxides and the order of the mean concentration, the filter with a pore

size of 0.4 pum is thought to be a better filter target in this experiment.
3.2. Relation between measured values and pore sizes of membrane filters for ore samples

Similar to major elements of the rock, when analyzing the concentrations of trace elements of ore in a specified
deposit by PIXE, consideration should be given to which pore size of the membrane filter is most appropriate as a
target after filtration for crushed powder. In this experiment, Japanese standard samples for ore JZn-1 and JCu-1
were examined. The results are shown in Fig. 3. If the measured concentration of a trace element is in agreement
with the corresponding certified value, the plotted point of the trace element is projected either on the dashed line or
adjacent to the dashed line.

The concentrations of Pb, S and Zn for JZn-1 (zinc-rich ore sample) determined by PIXE using filters with
pore sizes 0.2 pm, 0.4 pm, 0.6 um and 0.8 um are similar to concentrations of the certified values. However, for Cd,
As and Sr, the measured concentrations using the filter with a pore size of 0.2 um are closer to the certified values
than are the measured concentrations using other filters with different pore sizes. Thus, the filter with a pore size of
0.2 um is thought to be a suitable filter for PIXE measurement in JZn-1. For JCu-1(copper-rich ore sample), the
same analytical procedure was applied to determine a suitable filter. The filter with a pore size of 0.2 um was shown

to be suitable for chemical analysis by PIXE.
3.3. Calibration factor

As shown above, a pore size of 0.4 um is better for measurement of major element in rock samples by PIXE,
whereas a pore size of 0.2 um is better for other ore samples. However, the values measured by PIXE are slightly
different from the certified values by GSJ owing to self-absorption of characteristic X-rays in measurements. Thus,
the factor should be estimated to calibrate the difference between the measured and certified values. In this
experiment, the ratio of the measured value divided by the certified value was calculated and the calibration factor

(C.F.) was obtained by calculating the average of the ratio to the corresponding element, which is given by the

- _ Miz/
U:.:F.__Ij —Z ."I:.I-I:i o

following equation:

where M; s, and C; g are the measured and certified concentrations of element j to the i™ reference standard sample in
GSJ; j is a specified element such as Si (herein converted to SiO,); and i is a reference standard sample such as JB-
la. The results of calculation are summarized in Tables 1 and 2 and Fig. 6. The horizontal lines in the box chart
denote the 25™, 50™, and 75" percentile values (Fig. 5). The error bars denote the 5™ and 95™ percentile values. The

red dashed line is an equivalent line between the measured value and the certified value. The samples of JA-1, JB-3

104



NMCC ANNUAL REPORT 17 (2010)

2.51 JRA
JB-3
A
2.0
JA-1
_ JB3 |
5 : 2
(8] | - 5
o 15 .‘JG 2 JP-1 JP-1 JB-3 JB3
c A o ®
2 JR-2G-2
v
5 @ ___________ - S =T -
§1.0 =G é
8 I
0.57
0.0

Si02 TiO2 ARO3 FeO MnO MgO K20 Na20 CaO
Oxides

Fig.5. Box chart of the ratio of measured values to certified values for the oxides determined by PIXE to the standard sample of GSJ.

and JP-1 can be regarded as anomalous samples for analysis on Al,O3 content because the calibration factors of
these samples have a large error over the 95" percentile (Fig. 5). The ratio on the 50" percentile can be regarded as
the calibration factor (C.F.). The calibration factors of oxides of rock samples were calculated using the equation
and the results are summarized in Table 1. The calibration factor of trace elements of ore samples and the ratio in

GSJ standard samples are summarized in Table 2.

Tablel. Calibration factor calculated from concentrations of oxides by PIXE / Certified value to filter with a pore size of 0.4 um for rock samples.

JB-la JB-2 JB-3 JP-1 JGB-1 JA-1 JA-2 JA-3 JG-la JG-2 JG-3 JR-1 JR-2 CF Max Min
SiO, 1.07 1.16 1.61 1.05 1.15 1.42 1.13 1.13 1.23 1.19 1.26 1.25 1.22 1.22 1.61 1.05
TiO, 1.04 1.00 0.93 0.98 1.03 1.05 1.13 1.07 1.41 1.14 1.14 1.21 1.09 1.41 0.93
Al,O4 1.29 1.40 2.06 1.65 1.38 1.64 133 1.37 1.36 1.43 1.43 1.43 1.37 1.47 2.06 1.29
FeO 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01 1.15 1.06 1.01 1.10 1.03 1.15 1.00
MnO 0.89 0.83 0.91 1.35 0.77 0.85 0.83 0.84 0.89 0.88 0.92 0.98 0.96 0.92 1.29 0.77
MgO 0.64 0.60 0.81 0.95 0.97 0.84 0.80 0.59 1.30 1.18 2.42 1.01 2.42 0.59
CaO 0.85 1.00 1.32 1.06 1.01 1.01 0.93 0.93 0.90 0.96 0.98 1.06 1.10 1.01 1.32 0.85
Na,O 0.83 0.81 1.37 1.02 1.08 0.85 0.88 0.84 0.97 0.96 0.92 0.86 0.95 1.37 0.81
K0 1.07 1.12 1.57 1.06 1.07 1.04 1.11 1.00 1.00 1.00 1.00 1.00 1.09 1.57 1.00
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5 Conclusions

A relatively simple sample preparation method was developed for

Table2. Calibration factor calculated from
concentrations of elements by PIXE
/Certified value to filter with a pore size
of 0.2 um for ore samples.

PIXE analysis of geological powder samples using a membrane filter.

Fifteen standard samples that were previously analyzed by GSJ were used

for evaluating the accuracy of different membrane filters with pore sizes of Jzn-t JCu-1 CF.
Cu BDL 1.00 1.00
0.2 pm, 0.4 um, 0.6 pm and 0.8 um. The results suggest that the filter with o oo 095 075
a pore size of 0.4 um is better for the chemical analysis of rock samples, Pb 1.26 BDL 1.26
Sr 0.56 0.25 0.40
whereas the filter with a pore size of 0.2 um is better for ore samples. A d e DL 4
calibration method was developed for calibrating the difference between As 0.36 0.66 0.51
S 0.72 0.77 0.74

the measured concentration and the certified value determined by GSJ. On
the basis of this method, we calculated the calibration factors for the rock BDL: below detection limi.

samples and ore samples.
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Abstract

We evaluated spatial distributions of principal elements in a NFSa fibrosarcoma tumor treated with a vascular
disruption agent, AVE8062 (a derivative of combretastatin A-4) at a single dose of 40 mg/kg using submilli-PIXE
analysis. It was found that potassium and sulfur concentrated at the periphery of the treated tumor whereas a ring-shaped
calcium distribution was caused in the area between the inner necrotic region and the periphery. These observations
were supported by results for quantitative evaluation of elemental concentrations in the tumor samples obtained from
conventional PIXE analysis based on the internal standard method. It is suggested that the potassium and sulfur
concentrations are related to residual viable cells at the tumor periphery which are commonly observed in VDA
treatments whereas the ring of calcium concentration just inside the tumor periphery is possibly derived from

hypoxia-induced response.
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Table | FHSHIZIE T D PM,, DIEE

KER M= EHh J\IE T
Tk PM,o/ng/m?
Y 0.45 0.32 0.12 —
Ga 0.66 0.13 0.18 —
Se 0.94 0.49 0.51 0.09
Br 1.47 1.30 3.03 —
\ 1.49 247 3.38 0.2
As 1.66 0.63 0.89 0.16
Sr 1.99 1.37 — 0.08
Ni 2.02 1.38 3.02 0.82
Co 2.04 1.09 1.90 —
Cr 3.10 1.78 1.98 1.18
Hg 3.15 1.73 2.42 —
Cl 6.57 35.8 8.50 36.6
Cu 9.14 2.61 8.65 1.1
Mn 171 6.59 8.35 3.64
Ti 17.3 9.92 18.3 7.56
Pb 279 10.4 17.7 9.55
Mg 728 74.2 84.2 26.6
Zn 98.9 20.5 31.9 5.77
Ca 164 107 180 878
K 185 117 221 139
Na 224 357 365 121
Al 253 150 2217 91.5
Fe 590 187 206 719
Si 626 371 579 324
S 3722 1336 1701 981

3.2 REBM CTIRE ST PN DRMERER (EF &)

Fig 2 \ZIXRERTT IR, K OME H T CTHREE S 372, PMo(= PM e + PM (ouree) @ EF fH 27777,
AL TIE, B2]ILHE R ICEBA X P TRHTE 728 Th 5 Si # V2, Al, Mg, Ti, Sr,
Ca, Fe Z L C Mn [ZEHHICHB VT EFEA 10 L FTH Y, #FHkEEZ bz, @I
BT Cald 10 ZER TWeD T, Mg RESDORAEDEH OIS THLHAREMNH D, %
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Origin and transportation course of heavy metal elements in the

particulate matter (PM) at South Korea and Japan
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Abstract

Particulate matter (PM) was collected at the South Korea and two sites of Japan. In the present study, the origin
and transportation course of the heavy metal elements were discussed for PM,, determined by using PIXE (Particle
Induced X-ray Emission) and back trajectory analyses. The origin of Pb in PM at all sampling sites has both of the
metal refining origins, using the analysis of Pb/Br. The origin of As were mainly gasoline and coal combustion at the
Daegu City, and were gasoline combustion at the Fukui and Kato City. When air mass was transported from Chinese

continent, concentration of these elements were higher than the other transport courses.
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Abstract

The negative aspect of chemotherapy for cancer is the appearance of side effects which are
mostly linked to the dosage of anti-tumor agents. It is clear that a decrease of dosage results in the
decrease of anti-tumor activity. Besides searching for lymphatic architecture in the oral region, we
have confirmed by using PIXE that it was possible to secure the concentration of anti-tumor agent
in the tumor periphery, and also a transition of the agent to the regional lymph nodes when
administered directly around tumor.

We also examined by a PIXE analysis that the concentration of anti-tumor agent were equally
maintainable when administrated as a slow-release drug. This liposomal sustained release agent
starts releasing immediately after injection. Therefore it was concerned to cause a delay in healing
of wounds due to injection needle. We assumed a slowdown in releasing speed, when the liposomal
sustained-release agent was enclosed by an additional non-cisplatin liposome coating.

In this experiment, we examined the extend of platinum accumulation in the regional
lymph node of the tongue(submandibular lymph node) when the improved sustained release
liposomal cisplatin was injected in the mouse tongue.

As a result, we were able to obtain the similar result to past our results. We think this sustained

release agent is useful for cancer chemotherapy because we can select many kinds of anti-tumor agent.
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digestive organs
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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] In the present study, the index of absorption of trace element (Fe, Cu, Zn) in the rat that had given a
different semi solid nourishment medicine was examined. Various mineral compositions were administered to a male rat
of seven weeks after one's birth and semi solid nourishment medicine of three companies with a different having
gelatinizer was oral administered respectively for two weeks (5 each crowd). The rat (5) that had similarly given solid
fodder for the animal was made a control group. The excrement excreted by the rat after administering the nutritional
supplement was gathered, and the density of the trace element included in them was measured by the PIXE method. We
measured the trace element value of semi solid each nourishment medicine and the solid fodder inside beforehand, and
calculated the intake of the trace element based on these. The amount of the gut absorption subtracted the amount
excreted from the intake in excrement and was calculated. We made comparative study of three crowds by the index of
absorption of which 100% was each intake.

[Result] In the comparison of the apparent digestive organs absorption factor of trace element (Fe, Cu, Zn) , the target
group lowered in intentionality in comparison with either of the semi solidity nutritional supplement group. The
significant difference was not recognized to the apparent digestive organs absorption factor by the difference of the semi

solidity nutritional supplement.
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1. [XL®IC

i DRRRS I, E AR S IESEALAR O OWERER | AEXToFE, MK, HDWITY /PRI T > Tl
PRCBIFE, T D%, TSR 52 TRIS Y, IEFERE T, ISR D 5L,
AN E A DEFEE S A (Anoikis), HIKEANFEA TLEI-DOIZ, EFMM TR SN,
UG | AN 7S ML B L 7= B 5 G L A B AR MR A R e Lo IC LT,
B A IR SR D B L 7= S CAE A TLE 7200, I A LK AR5 ATie R b5 29,

CEP 751 [ZNESHREARIZ i B ISR AE U 7o ke | A A S IS AL R 2 S B L 72 ke, R D B 2 {)2
I HIEHAITHD P,

Alal, Hox 1, ARSI XY CEP 751 Z ikt 4 D~A27ah 7Rz L O, CEP 751 & &%
FHRR S R IS D2 LT, SRR IR £ 0 | BRI O AR BEBE L D | FEER R 24
i3 DA EAToTD T, HiET D,

2. MEEAE
2124588 TLER
e7ve Ul 01g, TAAKUEE 02g 7KK dee, 3%iEFE{L/AKFE K dec IZIRFE L. CEP

7513mmol) HARPUER A NAR T ZF 2 5 mg Z i, CaCly 0.1 mol+FeCl, 0.1mol 1 (ZME %
L7-, EAWRIZE D Ca & Fe & Nalgene disposable filter kit (8-0301-84 DP591) % f{# L T
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THAM buffer (2 XV 3[EEHT D2 LI2ED ., ~A 7 vl 7B RERZER LT,
2.1 BMETILER. BS. DILAKRTSF . CEP-151 BikE. MEBMER LGB
RS NS RIS MM48E~ T A/ FIRICEAT. . £8 8Smm K2/~ 7- M THEBRIC
ALz, EFC. 2.0 ISR LIz~ A 20 7 v & @358 o B2 IS . % 10, 20,
30Gy FREF U7z, PRI 1 RRfiIfR L 2 % RS SRR 25 H U7, B+ o Pt #I1X PIXE %, CEP
751 13 HPLC ZAWWTRHAIL 7=, HFUBIZ 2R IT, R A | S A 3 J7m (it #, SS) 2 /% A
TEHAIL . 2D 3 SOMEBERONEEEDEL TR LU=, BRICEL T, S USRS Ji 2338
DHNIZ~ I AD LR TR,
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M—1HVARTTF L CEPT51 L OIREHR, A WVRT T F RS 1 K% R RH%, B;
CEP 751 [R&) 1 BEfil1%, C AR 7T F U RE 2 #[H#% D: CEP 751 A& 2 3@ [H#%
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3.1 BENEFRE

TR IR 1 RERI B OB N AIVR 7 ZF L CEP 751 %, 22, K-1-A L BT, £
7o\ TR IR B 2 [ 1% D IEBEN VAR T F L CEP 751 85 %, = Eh, [K4-1-C L D IZRLT=,
~ ATl TR IATGHRR S I > T WNER TH DIV ARTZF 0 (IX-1 A) & CEP 751 (IXI-1-B)Z ik
U7, BT 1IR30V TUE, At BRI RIS & <R DS DTN LT, Bt iid, 17k
AL 2o T2 BRI E LB ARLS 7e ol E2AD, IS 2 W% Tk, 7B bLed > 7o 384
HIVRTTF 2 CEP 751 EHIT, FAE Sz o7=28 (X-1-C, D), 7B/ L= 3AITiE, B
FAIEB IR ST,

3.2 EZHR -

T RRIRIE % OIS | RO 2 TR T (1K-2), 10 Gy(K 2-A), 20 Gy (X 2-B), 30
Gy(X 2-C)N T IO R EIZIBNTH | BERBRI E VAR T T T LORITH R R DZRO B,
TINVRTZF SRR O A RECIE, DVR 75 L BURBE, H AR B, J 0% S5 4 5l L 0 1
ENTeTe, AR - VAR T ZF U O RBECTIE, 72 UbSNIZ VR T T T - R RO R L
AT RMCSNIRDNS T TV T T F - BRBR OF I EL 0 2 FERR CUE, FRET 5 B B BARTCI3 U
BN FACE BRI o725, 6 B B UK, 7B/ ALSNTZ VAR T ZT - R R RE O B iE
B RAE, 7 RIALS IR DS T I NR T T T S R RS OF B O FUE S 2 R b K& A
TAAIZ LD HIEE RO BHUEAMBIEES L7, 1, CEP 751 #5280, HUEE 2 R OZEI TR
LIVRI-TZ,

30 30 30
B C
25 25 = 2 1t
P A T H
3 7550 98%
20 £ 20 /ﬁ/T T 8 /W t
£ . £
% %/L F T 2 15 & ./l I
15 S5 it = 3 ijpf/j{k
’ LAt f/i/'t E :
- ik =1 10
10 0w byt C 2—&4 SEETIITIIE
|E EE N \H\\Ll ]—_ % /VLI RS \_ﬁ\\ﬂ»/
5 5 - :\r/; ey 5

0 5 10
0 5 10 15 0 5 10 15 Time (days)

Time (days)

—=—— Control

Time (days)

CEP751+Radiation+Carboplatin
CEP751+Radiation + Encapsulated carboplatin
Encapsulated CEP751 only

Encapsulated CEP751+Carboplatin
Encapsulated CEP751+Encapsulated Carboplatin

——==—— Radiation oly
Carboplatin + Radiation
Encapsulated carboplatin + Radiation
—><—— Encasulated Carboplatin
——a»—— Carboplatin

———— CEP751 only Encapsulated CEP751+Radiation

————— CEP751+Carboplatin ————— Encapsulated CEP751+Radiation+Carboplatin
CEP751+Encapsulated Carboplatin Encapsulated CEP751+Radiation+Encapsulatedcarboplatin
CEP751+Radiation

-2 : PrAmEh At
TR OPUEBEN R & EER 02 TE T, A 10 Gy, B:20 Gy, C:30 Gy
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3.3 CEP 751 (2 & B Ex#& NI BE

BALEREK D, BT BMELTZ CEP 751, 7/ AL L7\ CEP 751 OEREMHIRER[X-3 (R
3, CEP751 ¢ 5:-Uieno7= Rk, 7L L7 CEP 751 $¢ 5:-8F, 772/ L L7= CEP 751 D% 5
BEOXR T N—TNTIE, WEOENNZLD BEREOFBEREVIIRON ) -7, FLEIZB W
T, CEP 751 \Z LD HERMBIE AR Bz, B 7w Ak L el 7= CEP 751 O#s M EH CTik
CEP 751 Z G5 L72hoTc LD EAITGRO NI oT2hy 72/ b LTz CEP 751 TiX, CEP
751 G Lo To REL IR L CL A BRI IHIEA RO b,

NS

EBERILITIRM(28E)

o LI e |

CEP 7514EL HTEIALETNTLVELCEP 751 H7 eI ALENI=CEP 751

@ Control | 10 GyDH 020 GyDH

030 GyD & B AT RIESRTWVEVNALRTSFONH B 10 Gy+hTEIEESh TOEWALKRTISFL
B 20 Gy + AT EIESA TUVEWLALRTSFL 030 Gy +H T EIESN TUVELWAILRTSFY B AT LS zhILRTSFo D H

B 10 Gy+hTwILibShi=h LR TISFY 020 Gy+hFwiLibShi=h LR ISFY 030 Gy+hFeILEShi=h L RISFY

%]-3

4. EE

FEOFFEEL T, s T T 228 T 0N, L OAEFERITEICTHER O EIZIY K&
FEASNS Y, LI2S> T BIBIRICB W T, BB OMENL, BE OEFRN FICKEERT 5,
FERARS | ISR D AR 23 B L . RS EAF LTOIRRE T I R AR ISR, 2 OB IR 52
LIS TAELD D RFEBR T, BB AL DR A ST A [ S H 5 (Anoikis)
ZET P RN A A T, RIS DI L 7ol A B e S 5 3EAI L LC CEP 751 3%
FHi5 *9, CEP 751 AEEEB A INHI S 27012 0E, MR ErH e i 2 i e B | E S B D 3
DD Y, REBRTIL, CEP 751 Z MRS, SHICRHEMICIERS 5700, BT CTHRBL &k
MR Z M~ A7l 7y NZE AL T, ZORRERG LI, £z, EEEOREIAH TIL, FUsAlL
OO TIRIRENDZEDDABZ LN T2, AERPUEAIL OO T, ZORERFILIZ,

PUEAIN VR T Z7F 2 OREBNIE X, 7B LUIe ol VR T ZF 0 Clk 2 % KA
DRSNS T2, DT RIE LI NVR T FF o TR LT, 20720 FUlEE 8 R ix
FrfiL . A MR T, 6 H LURE, FUBS RO @SB O NI LE 26N,

CEP 751 Cb, 7B/ L L72h 72 CEP751 TlL, 2 Tl S n/ed -7z, A7 AblLiz
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MFBDHNTZEHE 2 BT,
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Inhibition of metastasis using encapsulated CEP 751

Satoshi Harada, Shigeru Ehara, Kohichiro Seral, Keizo Ishi* and Yoshihiro Saitoh®

Iwate Medical University, School of Medicine, Department of Radiology
19-1 Uchimaru, Morioka, Iwate, 020-8505 Japan

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

’Department of Quantum Science and Energy Engineering, Tohoku University
Sendai, Miyagi, Japan

3Takizawa Institute, Japan Radioisotope Association
348-1 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

The liquid-core microcapsules that releases CEP 751 and Carboplatin was developed, and their ability
to inhibit tumor growth and metastasis was tested in VIVO in C3H3/N mice.

The capsules were generated by spraying misture of alginate and hyaluronic acid containing
3mmol-CEP 751 and 5mg-Carboplatin into 0.1mol solution of CaCl, and FeCl, One million of
microcapsules were injected subcutaneously around the MM47 tumor that was inoculated in the left
hind legs of C3He/N mice. Then the 10, 20, or 30 Gy of irradiation (softex 100MV) was given.

After radiation, capsules continuously released carboplatin and CEP 751, which significantly
inhibited tumor growth and metastasis.

144



NMCCHE[RIFI] AR FE AR 17(2010)

ERBFETIETEEITSH/\VHEFAaDOEZRIVZXT S
ERRIVNEHEM TR IS4 FOME

FIARE ", JEREST, BT R
VPR AR 020-8550 TR IR T A 3-18-8

ARTA Y F—THaRERAY A /e ke 2 —
020-0173 & F RS FACEE A FE IR T8 23 2% 348-58

SMEERY A0 b —
020-0173 %5 FIRSS FERVE IR AR IR 7288 3 AR 348-58

1IXLCHIC

ERASNTEMIC L > THEERH HITHETH D, HHT O As & 1T Img kg ~47 10 mg kg (CF# 11 mgkg")
L E b TV B (Kabata-Pendias, 2000), As OFER{LEIL-3, 0. 43, +5 & &V MEHERETlI b BR(H;AsO,) & Hi b
P2 (H3AsO5) TIEAE LARERE & Hhilt L CHRMENE W, P A F LT LY U ER(DMA), £/ A F LT Ly VR(MMA)
72 E OAHEREIT— I FTEMEDMEV  (Ferguson & Gavis, 1972), TN EIZB W T, BRIEERICBITA A *DE
FREICBET 278 (ILAR, 1989) BN TWD, £io, BT VT O T 5 v als EORIKIZ O TIL,
HTFKIZCEEND EENEROEFEMHEL O L TEY, ZNOHUKTIZH FTAKOKAICLDEENAD
RENHLNDZ EDRMBITWSD (Anawar, 2002)

BT, ZNETHPICB T2 e BEZBE L., RHEDICHT 5 ZOMY AL Z D SH D 72Ok
FTEATHTCE, TNETOMIET, YO RPN & Fe SRBIZIIBMRERH A Z ENAH I TNE Z &
D ARFFETIEERE T & Lz As WIUIEIER (7 A2 Z 4 b, AsClite) % HHIZHIMH L, f%E~D
b BWIANEINE, T A7 T4 SPEDEEBT~G 2588, SLICERFARTRETHD Y VRE~DT A
774 MERIZEAHEBORAET 52 2 HE Lz,

2 EERAE

FEEAHE

HEY E L TR HFARIR (T2 —2AA b, St b—%7) AL, HFRFENOREIZT?2
o AR Uiz, b BI5 Y LR IR 22 i CERE)200g (28— 2 % 2T A b 200g 2Nz -+, e K5
et b U CHEIR 1 400g 12 F N EE E AL EARENN, P,0s, K,0: 10, 10, 10 %) 0.4g Z fEfl L, & SZW U
BHELTT AT T4 bEZRTN 0%, 1%, 2%& 705 X 52 Lz,

145



NMCCHE [RIFIFIFZE R S SC £ 17(2010)

EXRINHEIEH : TRI 54 b, AsClite(U L7 T54%)
TA7 74~ (KFRH AsClite & Feal) (FPRLK T, sl OKIY-53% Fe 8 h 5 Fe ks & Lo b FER
ININHIEM TH D (Table 1),

Table 1  AsClite #lp(Z V7T Z4n 60T — 22 L D)

Total Fe (%) 50.6 Fe( I ):0.58%,Fe(1I):50.0%

Total S (%) 1.75 $0,:5.26%,0:3.51%

Total Cl (%) 0.13

-OH (%) 44.0 ]

Heavy metal ND o

pH(H,0) 5.0 o
Electric conductivity (dS/m) 0.18 ]

Bulk density (g/cm?3) 0.45 ]

Particle size (£ m) 100~ ]

300
Preservation In water

TEDEE

@ BIERARHOER

WEE 2 7y ARRIZ, ENENDR Yy "INV I F A a2zl BEE, REICER L, FEK T L,
BrifE A PER, H B & RIS T TEEIC AL, 70COEIRER T 24 RFEILL B w70, Holgtk, =
NENOIMEREZEY . TOREWEET v — 2R THRF LT,

@ BIERAFRHORE

B, REOK A2 OREIEZMNLSANATEL L~ LI, B UICRMEREINZ, R TEELL, ¥
VINHEA Yz AL — (Digi PREP Jr, SCP SCIENCE) LIZif~7-, 50°CCiZEABHAG L, 30432 & 12 10 &
TOFRE L., BMEAIIZ 110°CT 7 REFIMEAG IR L 7o, BERWPHK LT-OZ MR LTz, Mg - i RRE=S
1 &% X ICMERMARIM L, 135°CTIEL, AERA L THE | RFEZRICMEAEZRLO T, Bintk, 5
# (ADVANTEC TOYO No.5C) # AW TA L7z, ZOAEEnHESENEHREE L,
® BIE

JrHE T BEE RN S £ 5 RS BT — MR Lo %,. BART A Y N — T IR
D PIXEIZ XV kG EAPE L, JRFWEEERT (Shimadzu AA-6200) DFER & iz L7z,
J0O074)LEE08IE

Rk Gt (SPAD-502 Minolta Co. Ltd) % H\WT, 25 3 BED L, RE, Fiaaiod 3 # fTdd SPAD fii %
BIE LTz, MLBRX Z 202 3 B 2 ME/E 21238 O SPAD 2 JIIE L, ¥ Z KD 7=,

Hatng

FEBIL 4 B TIT o7z, EBROOHEONZT — X IXETFRPERLEE ¥ —NO KRB R sas 2 H T,
SAS statistic > ANOVA fE#T 217> 7=, [GHERA 5% & LT Tukey D A F = —7 > MEEIPAHSDREZ 1TV,
HEZDDDLGEIIE, RGP OREFIZRR DT VT 7 Xy MaeffdZ itk TRLE,

SHERRUVUEE
YD FE
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2 i ARIFEG R DN 1 54 2 1 Fig. | OFRICR o 70, B RIGR X TIFEIC 7 v e v AR I T,
T/, MBS, ATREOBEE, MWEANE L E A, FEEITIR L)~ 7= (Fig. 2. Fig. 3. Fig. 4,
Fig. 5), TEMMEDEFIL AsClite i EIZ L 22T A OB -T2 e b, B RFRTEX O mr v X

RICEHEEATHL EB 2N, ZOZ LD, AsClite i FIZ & 2 AIHAY7R As OAFREE 2 M5
BRNRNIE) S 2 2 L BHER STz,

gk, THEOPpHZWME LA, ZOeRBYRLEIpHAEmWZ EB3pnoT (Fig2), £/, 7
27 T4 AN TEpHEZD LIETEETEY . 2O pHIK T EWILEICHE L TWD AL H 5,
E BRI KTT 2 pHOFEEEZEBE L, 4%, HEpH 2L CHERT Z2LEND D LB,

ig.1 2, ARGV XA 3

8.50 -
"
g 8.95 -
ﬁ 8.00 -
Al

7.75 4
S
NE
; 750 A
§ 7.95 4
R
N 7.00
<

0% 0% 1% 2%
+EHT R T4 FE(%)
Fig. 2 Y 1 XA 2 U fkb5 14 O v 355 13 158 pH

147



NMCCHE [RIFIFIFZE R S SC £ 17(2010)

8
2.5 d 749
1 p A ‘] a a 2
Elﬁ— A a E4- A
= a ¢ 3 ] A
¥® o5 1-{ﬂ
0 T T T T T O I I I I I
o | \ St e qg".“ §° e fg'tﬂ‘
) (§'| ) .::'P ) P .,@'P . ,\350 o . . . . . .
B T Y 'S S F B F P
* *® & ‘g‘ gﬂ g& tﬁ {% ‘ﬁ
s s L
Fig. 3 ™Y B XA 3 O EEEfEE Fig. 4 /\Y 1 XA 2 O EERHEER
0.256 9 08
024{ A A g?g
3 0.15 B a ]3 0.5h - & a
% g 0.4
o014 a @ 03 A A
# 0.05 - il ng- A ﬁw
0 T T T T T -0 ’+‘ T T T T T
R L A A L R
# & £ - ; ; ; # # o :
\’;& ‘b& *b* 0& \b& \b&
Fig. 5 Y XA 3> Ol LR E Fig. 6 Y W XA 2> O RERTY)E

PIXETCRIELI=\YVAFASAOADTEEE

ERGYRTIECTEFT LAY XA a O (RE) . RO EIBIc oW, iRk G '\ E L, 7
— A IHBEE Y Y (Fig.7) LW EH Y (Fig. 8) TR L7z, AIREOIE ) M LI LV As &M -7,
T, TAZ T4 FOlERED EFIZoN T, AIBE DW H720 O As G ENAEIZED Lz, $51Z 2 %l
KIZEBNTIE 4 2OREHH 3 D128 0T As BEPBRHBALL T ChoTe, 2D L1, TAZ T4 MBRD
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NI HEA 3O, AR OZETLFETHDL P EE (Fig 9). SE&E (Fig. 10), Caf&& (Fig 11),
Mg &% (Fig. 12) #/R L7z, ZORR, F5Z. T A7 74 FOREAIZ X 0 L EE S & &EIZB W CTHRISHEMN
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NI HEA OB, RN, AIREO Fe & (Fig. 13). Zn & (Fig. 14). Mn & & (Fig. 15). Mo &
#(Fig. 16)& R~ LTz, RICKVIMIC LD EROERITIH L3, 7T A7 74 FOMIZ LY FRICE®T 2
HOIFR N7,

FREROKERIT. 7 AT T A DY As ORISR UFFERANTINHIZIRD H Y | oo ORI ITE L 5 2
RN EERL TV, 2, AR LEOHANERELY 5252 b ehoT,

PIXEDEEEE ZDMDEEEICK DEERME L DELEK

PIXE ([C L DERIE L Fe KT As IZH1T DI TFRSIEETIE, KON PICBU DHAERIE(N T FEY 77
L) DERE A LT L 2 A, KT Fe DIEIZEN A BITZ, ZhUE, PIXE HIZH 7 a8 LIERIZ,
Fe DIBALTCLESHREED B X b, 4% & bIRFBROLLEEDERE & PIXE OFE R&EOEWIZD
WTFEA L TWE N EZE X TN D,

Table 4-1 JR W3¢ & PIXE (2 X AWK TG B HTkE S5

O E A (As, Fe) & HLais(P) PIXE |2 & % | EfE
W2 XA HEM
AsClite As Fe P As Fe P
(%) ug/g DW mg/g DW ng/g DW mg/g DW
i EECR T 5 E &
0 20.21 1051.8 9.38 14.73 1983.2 3.74
1 15.59 658.8 8.19 9.58 1281.3 3.23
2 11.16 802.3 6.85 8.80 2342.1 2.72
ARWICBIT & &
0 3.82 152.7 5.01 4.14 940.4 2.90
1 3.44 206.2 5.42 1.42 538.9 3.21
2 1.49 116.7 4.54 0.81 1361.9 2.38
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SE 3
1) Kabata-Pendias, A. (2000) : Trace Elements in Soils and Plants., Third Edition, CRC Press Inc., Florida

2) Ferguson J. F. & Gavis J. (1972): A review of the arsenic cycle in natural waters. Water Res.,6, 1259-1274
3) Anawar, H. M. (2002): Arsenic poisoning in groundwater health risk and geochemical sources in Bangladesh.

Environment International, 27, 597-604

4) ARG (1989): KAGIZH T % b EHE DR AN &R, BIRESEGABRG IR EE, 24, 195
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Effect of Asclite, reducer of As absorption, to the As absorption of radish grown

on As-contaminated soil

S. Kawail, K. Watanabel, S. Goto” and K. Sera’

'Faculty of Agriculture, Iwate University
3-18-8 Ueda, Morioka 020-8550, Japan

*Nishina Memorial Cyclotron Center, Japan Radioisotope Association

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

3Cyclotron Research Center, Iwate Medical University

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

Abstract

In order to examine the effect of Asclite (Createrra Inc.) to reduce absorption by plants, a pot experiment was
conducted. Asclite is artificially made as material to remove As from water. Seeds of radish were sown in the pots (500
ml) with 400 g of 2 types of soils. Takizawa soil without As as control and mixed soil with Annaka Soil contaminated
with As were used in the experiment. Vermiculite known as soil amendment was mixed with the Annaka soil, whose
weight ratio was 1:1. Asclite was added and mixed with the soils in the concentration 0, 1, and 2 %. Chemical fertilizer
(N, P,0s, K,0: 10, 10, 10 %), 0.2 g, was added to each pot. The plants were grown in the greenhouse of Iwate
University. The dry weights of the plants were not significantly varied by the addition of Asclite. The results of
measurement of elements concentration with PIXE analysis indicated that As concentration in the edible part of radish
was reduced by the application with 2 % of Asclite. But the concentrations of the other elements were not changed by
the application of Asclite. The As concentration of the edible part was lower than that of shoots in radish. The results

suggested that Asclite may be useful material for the reduction of As concentration in the edible part of the root crop.
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A MV AT 4= —3 2 8l (phytoremediation) 23RO THZTH D, 774 MLV AT 4 =—
¥oa THEY) D ZERIL RIS K D BREMEEHIN ORI T, O X M, Q=R X —HENIZ
0, OBRE~D IKHAR 0 L WIHIEFNEA L TWD, EEBIFEROLA. MW NERN S
BB EWIL - EFET D774 b= J A NF 7 3 3 (phytoextraction) & FE{EI D HEAEDS
bD, LDLERL, IEFEOT7 74 NV AT 4 =—3 3 BT 20981, W R rit
TENLH A ED, BEREOEROIZDDEIZZ LW, FDd, FOERKIZIT. %< Ofig
PT REFEPER SN TN D,

ST, KEWWMTHD YY) THEANY A JED~Y 31 (Eleocharis acicularis) (Fig. 1) 1%
ZHEEOAEESBICR L CHEZA L, ZHEEOEGBZFRICRI - EE T 2HGREE
ERY THD Y, VS E ENTIEAEED D i £ TRERHOWIE, 2o, K
RIKH e EICHEAT D HIKRED DB IHE R L HFER ThH L, DD RIE, v /31 BEE
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IEDWFERRFE PN LB TH 5,

AL TIL, VALK DT 4=/ FEEEFEBRIZEB W T, {HRSNTRIAKN O ES R L
ER L BRET DR LR S NCE DO ERMEIZ O W TR 5,
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Fig. 1 Blooming of Eleocharis acicularis.

2 RERA &

ARFIGEFIL, BN A FEIRSLILAIT O S HERES 2 i 2 /U 2201 J1ER) 50~ 1m 2
BE . KRR 10~20cm, Pl 5~10cm/s) (ZHEERR ST wbBh & ARV THENE L7z, & Aith
JE O 4R X OVEREIC I, B 50 em~2 m FEE O EEA RIS E Tkl LR A HER Y S HERE L
TWb, TE, ZOERBRMGEE L TWHDIINZEBN TS, FY IZMREICLD2FELWIIO
KALROPEIRDEHX, 774 ML AT =— g VEMOFEAEORER L o> T D,

FIT, AEBRTIL, LLTFO 3 DOFEEERFIFICEA L THRF Lz, AIFIE T, =Y 3o
DLLTD 3 DO HIETHBME L, —EMREEREZ 8 LT,

(1) EAEX FIGE © =Y A FEGREGY SN REICEEB T 5 515 (Fig. 2)

Q) Ry MIBE YRS ZHROBEZRE LRy MIBH L, E4RERINZEEIC
&3 5k (Fig. 3)

Q) 7u—T 4 U THEEE M T —T 4 TNy NIBR L, EERGYRE N
B & 2O CRBEREE 95 51 (Fig. 4)

ARFEBRTHEH Lo~y A1, BRERILTHEE)ISROMINCBA L TW e Y31 24
HeL, #BrEBRICHA L,

cultivated Braciciilaris

Fig. 2 “Pot cultivation method”for phytoremediation of heavy metal polluted water by E. acicularis.
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plastic pot filling sand E.acicularis

plastic container  heavy metal polluted sediment

Fig. 3 “Pot cultivation method”for phytoremediation of heavy metal polluted water by E. acicularis.

heavy metal
olluted pond

4 E‘:r.:..‘
3
T

Fig. 4 “Floating cultivation method”for phytoremediation of heavy metal polluted water by E. acicularis.

3 HRMAE

FEBRIFIZERIN L T2~ A (TR THI3IC i L7k, =7 /32 (80°C) T 24 BrfAlHzf: L |
DO ST ERIZL, TREoHREIE Lz, VNS OESBRESHIT. AFERK
FHArmbrrEr Z—ICRE L TWDPIXESGHT Y AT L EHWTTo 7o, Y3 3UEHZ
RRRIRALYE DT LIzth, WEIEEHEIE CERMIT 21T o712 %Y o OWTHEFE « W+ 2 e
I% National Research Council Canada (NRCC) D EEHizE} NIES CRM No.1 (pepperbush) Z VT
1To7,

A HIEY A FOK - HIEMOERREEE

AlEl, FEFEBR AT o T USRI DK O ES BRI, FEIT Zn 23 719 ug/L,
Cu 73325 ug/lL, As 73678 ug/L, Cd 6.7 nglL, Pb 72307 uglL ThHDH, —FhH., LHED
AR OFPHIT As 23 230 ~1,603 mg/kg, Cu S 108~2,044 mg/kg, Zn 7% 67~2,100 mg/kg
FBELUPL 23 32.1~202 mgkg TH D, ZiLHDFH) (n=4) 1X. As 31,032 mg/kg, Cu ¥ 767mg/kg.
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Zn 7% 966 mg/kg, 35 L UNPb 73 85 mg/kg TH 5 ¥

b ERERERIUEBE
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c) Z7B—T 4 UUHIEE

ASEIDFEFRIZE T, 170 —7 4 7EEEE B, LTO2 R TAEDTHSL Z LB LMNT
TRolz, —OET Y R BELEEIZR S TND720, EAOLBEYMOMEZERET D2 LN T
XETHD, TOD, ABERNLEEFTHY, EFIC A A~ AZ KT D2 &N HE
HoTz, tMDO—2F, HmMBRKERMETH 7247 T ZMIT LD OKRALLFEER DI I %
LT, FRCEEPROONENSTE R THDH, TNHDZ LG, [7a—F ¢ U 7EREE B
ROFERNTEERBITREICEHATX 5B 2615,

5.2 IRYNADEEREE

LRy MBI T e —TF 4 VIR EHEDO~ Y NA B LT, EBRBRGE 6 AT
OIMTHREIZ BRI L. 2 O OEABIEE 4 PIXE oAriECHIE L (Fig. 5) . 72720, HAl
AR B IIRR LT, YA OFESBREEIINE CE ol HEDRRE,
< INADELSBEEL. Ny MEEHEO TR 7 —T 4 VT HEEL DV EBEECH -,
FUTR v MEREFED~ Y S DKEPH K LIZBBICESRIRE OB WHEN 2> Tk, %
DOHFEH N L EEBEWRINL TNWDE-0THLEEZLND, 7, 70—T 4 V ITREED
Y ASANE, X LMOKDBN D ERREWI - FFEL TV D EHEES LD, A A~ ZADH
KB IR OELDOBLENOZE 2D & ZOWNIKOEAIZEL T, 7u—7 4~
THRENEDP R BRI TH D LB D,
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Fig. 6 Heavy metal concentrations of E. acicularis by th pot altivation and floating cultivation

experiments after six months.
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Cultivation method of Eleocharis acicularis on phytoremediation
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Abstract

Regarded as a highly promising technology, phytoremediation uses plants that absorb
contaminants, such as toxic heavy metals, to remediate polluted soils, and has the benefits of low
cost and low environmental impact. Eleocharis acicularis is well known as heavy metal
hyperaccumulating aquatic plant and expected as the strong candidate for application to
phytoremediation of polluted water. The objectives of this study were to examine cultivation
method of E. acicularis on phytoextraction of heavy metal polluted water. In order to establish a
cultivation method of E. acicularis, three methods have been experimented; (1)direct , (2) pot
cultivation , and (3) floating cultivation.

Based on the cultivation experiments the floating cultivation method is most suitable for
phytoremediation of heavy metal polluted water by Eleocharis acicularis.

Keywords : macrophytes, Eleocharis acicularis, phytoextraction, heavy metal, contaminated water,
mine site, floating cultivation method
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Fig. 1. Cultivation site in Jozankei area. Fig. 2. Photograph of cultivated E. acicularis in
plastic containers.
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Fig. 3. Concentration of heavy metals and Si in E.acicularis after the cultivation experiment.
4 EBE

4.1Si BEICKBIYNADEECBREERENDOEE

K4 L0~V 2ED As, Mn3 LOPb OEFERE & Si BREREIIZIEOHBEN OIS,
As, Mn 3 X O'Pb TEOMBIREIT., ZNZ10.74, 0.68 5110084 TH D, —FH TADMHE
NEOENDDIE Zn (r= —0.53) THY ., =Y XA HD Cu & Si OEFEREFE I AHEITAS
Nighotz (r= —0.17) .

42IIYNLADEEERICEITHEYEREZREL (Bioconcentration factor)

Fig. 5 13~ Y A T OFHEJEOEMENMRE (BCF) ZRL7cbDTH D, LW REIT
RN L 5 EABERBORERMELZTMT 2 b0 THD 0, AFETITEEME LT =Y o
RO EEBRE RO ELBREE | CHEE Lz, IR0 ESBREEIL. AREIZH(2010)
DEE LTS, FHEHSICB T ABEAZ T L-b0aE L, SilEEOTIMT &b
AR RE B L 72 EH# 1L, As, Mn, BELOPb THD, —FH T, SilBEZFmML
THERABEMENNEDT D THITCuBLNZn THhoTz,

163



NN W
o Uu o
o O O

150
100

As conc. (mg/kg-DW

(S
o

30

20

10

Pb conc. (mg/kg-DW)

350
300
250
200
150
100

50

Cu conc. (mg/kg-DW.

Bioconcentration Factor

NMCCHE[RIFI] AR FE AR 17(2010)

3500
3000
2500
2000
1500
1000

500

Mn conc. (mg/kg-DW

20000 40000 60000 80000 10000
Siconc. (mg/kg-DW)

o

500

400

300

200

100

Zn conc. (mg/kg-DW

. . . . 0
0 20000 40000 60000 80000 100000

Siconc. (mg/kg-DW)

Fr=—0.17 o

0 20000 40000 60000 80000 100000
Si conc.(mg/kg-DW)

Fig. 4. Correlation between concentrations Si and heavy metals in E. acicularis.
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Effect of Si fertilizer on phytoremediation by Eleocharis acicularis

Y. Kubotal, S. Sakakibaral, S. Sano® and K. Sera®
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Abstract

Phytoremediation is an environmental remediation technique that takes advantage of plant
physiology and metabolism. Eleocharis acicularis is of great significance in the phytoremediation of
water and sediments contaminated by heavy metals. In this study, a field cultivation experiment is
preformed to examine the applicability of Si-fertilizer to the accumulation of heavy metals using E.
acicularis. Results of the field cultivation experiments, Si-fertilizer promotes the Mn, Pb, and As
accumulation of E. acicularis. And also, the bioconcentration factor for Mn, Pb, and As are promoted
using Si-fertilizer. The present result indicates that Si-fertilizer is efficient tool to the Mn, Pb, and As
accumulation of E. acicularis.

Keywords : PIXE, ICP-MS, Heavy metals, Phytoremediation, Si fertilizer, Eleocharis acicularis
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Effect of clinker ash as Si fertilizer on phytoremediation for heavy
metal contaminated water using Eleocharis acicularis
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Abstract

Potentiality of clinker ash as a source of Si and other essential elements on
phytoremediation has been investigated by greenhouse and field experiments. Biomass of
Eleocharis acicularis in tanks with clinker ash was, on average, 1.6 times greater than
accumulation in tanks without clinker ash, in the greenhouse experiment lasting 133 days and
that in containers with clinker ash was, on average, 1.2 times greater than accumulation in
containers without clinker ash, in the field experiment lasting 137 days. Silicon concentrations
in E. acicularis in tanks with clinker ash were, on average, 1.8 times greater than concentrations
in tanks without clinker ash, based on greenhouse experiment data. In the field experiment,
concentrations of Cr, Mn, Cu, Zn, As, Cd, and Pb in E. acicularis in containers with clinker ash
were 542, 144, 1244, 1679, 43.2, 58.9, and 7.72 mg/kg-dry weight (DW), respectively.
Concentrations of Cr, Mn, Cu, Zn, As, Cd, and Pb in E. acicularis in containers without clinker
ash were 376, 150, 2984, 855, 39.4, 54.4, and 8.22 mg/kg-DW, respectively. These result
showed that clinker ash is effectively increase the biomass of E. acicularis and the
accumulations of Cr, Zn, As, and Cd in E. acicularis.

Keywords : PIXE, Heavy metals, Phytoremediation, Clinker ash, Eleocharis acicularis
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Table 1 Comparison of 11 Trace Elements Status Measured in Bronchoalveolar Lavage Fluid of the Dogs
With or Without Bronchopneumonia

{g/ml) Control (n=17) Bronchopneumonia (#=12) p value
Al 1.72+0.80 2.05+0.36 NE*

Br 0.622+0.348 0.615+0.384 NS

Ca 0.526+0.434 1.070+0.526 p=0.01
Cu 0.011£0.015 0.050+0.143 NS

Fe 0.199+0.196 0.092+0.061 NS

K 5.05+2.39 6.14+2.67 NS

Ni 0.005+0.004 0.010+0.010 NS

P 20.4+9.1 11.9+£5.0 p=0.01
Si 3.53+£1.92 2.524+2.13 NS

Sr 0.017£0.015 0.017+0.018 NS

Zn 0.144+0.076 0.402+0.274 p=0.001
CaP 0.035+0.036 0.098+0.047 p=<0.01
Zn/Cu 17.6+14.1 58.9+474 p<0.05

“ Mot significant
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Fig. 1 Receiver operating characteristic (ROC) curves for CaP and Zn/Cu ratios in detecting
bronchopneumonia in dogs. The mean area under the ROC curve (AUC) is shown for each ROC curve.
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BEMZRE L2 2 A, 27 =70 1 OBDEIGICR L THBER, ~ov/m7y—2 U
Bk, B AIIE L ORICA B A AR D 7-, MMP-8 O EERGERIGT, v 707 7 —I%
FRGECEIZE S AL, MMP-13 O EBERQERINIE~ 7 r 7 7 — U TRIE SN, ZThbDH
R, Zn (REMERIAN S L ORI = R_TF X4 —¥ Th D MMP (T & 0 BIFIRMREN T
L Falb—rar L, KREOICHBEOBIEICEFS LTV ZEE2RLTND Y, [EX
Jitige 4 X D BALF 2V TMMP BMEF A X L0 H @0V L-UL 2R LI TR0, K
%2 Clx BALF 0 Zn/ Cu WRE XMiRkA X CHABICEE TH -7, > T, 5%I1L BALF H
MMP 3 L O Zn B EDFRBEBRICA 20 B0 HET 20 ER N H D,

Fox (TFEBEMRBMHREEZ BB L., 70%0° 5 90%D&iFHN O JEE 3 I OV L C4RUE ik I
%95 CaPBLINZVCu DA v A 7 lEZE KD -, ROC HiFRIHIZ TSV TR iz 275
T 572D BALF H® Ca/ P B LN Zn/ CulZ L2227 » b4 7 EI, %i@%nooss L2043
ThoTe(K 1), A XOKEXIREZWT D200 BALFEPCa/PFga)iJ > MATEIZEBIT DR
FER L OWFREITZNE190.9%F5 L 10 882% THh - 7=, [IEEIZ, xaiﬂmﬁé%aﬂﬁa%
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72 ® BALF 1 Zn/Cu fED B v b A 7EIZE T DIEER L O R E I 83.3%B L
71.3%CTdH->7=, £7-. BALF F10 Ca/P I LV Zn/Cu (23T % ROC #hf#j F s L =24 0.898
(p<0.001) LT 0.804 (p<0.01) Toh 7=, ABFJETIL BALF H Ca/P 35 X Zn/Cu 2358 3K
JiRORBRIZEFBRLTND Z EARBLTEY ., HWREOFMEICEBWNTHLEHALEEbD,
fham e LT, A X Ll U CRE Mz A X TiE BALF H Ca B L O Zn IBIENEHETH
V. @ Ca/PBLVZn/Cu & LTV, SRBITRENMKED BALF H1 Ca 3 LV Zn L L
CESEEICHBEREMRR H o E O BT OMLEND D,
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Trace and major elements status in bronchoalveolar lavage fluid in
dogs with or without bronchopneumonia

K. Suzuki' and K. Sera’

!School of Veterinary Medicine, Rakuno Gakuen University
582 Bunkyoudai-Midorimachi, Ebetsu, Hokkaido 069-8501, Japan

'Cyclotron Research Center, Iwate Medical University

Tomegamori, Takizawa 020-0173, Japan

Abstract

The aim of this study was to investigate the relationships between the bronchopneumonia
and mean concentrations of those trace elements in bronchoalveolar lavage fluid (BALF).
Twenty-nine dogs were included this study (17 healthy dogs and 12 dogs with respiratory
disease). Each BALF sample had been obtained during bronchoscope examination by use of a
standardized method. The concentrations of Al, Br, Ca, Cu, Fe, K, Ni, P, Si, Sr and Zn in BALF
were measured by the particle-induced X-ray emission method. We found no relationship
between the bronchopneumonia and the levels of elements in the BALF, except Ca, P and Zn.
The dogs with respiratory disease were found to have a large amount of Ca and Zn, and a high
Ca/P and Zn/Cu ratios in BALF compared to those without respiratory disease.

Keywords : Bronchoalveolar lavage fluid, Bronchopneumonia, Dog, Element, Particle induced
X-ray emission
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AWEESBILTRRLEZAREHEMORE

R OE, FRUPHA, ATHAKERSR

SLRTRZE R ZABEEE T e
T ARSI SLAT ST 3

1 [FL&HIC

WA, BE O H AR O L HIZFE D R0 E KD S O 2 2O RS L > TRGRIN T
7o ARRBIOEMD 1 > TH H A0 RS ITBRINIC XL 5 HERERE(LICER L, RS 5514565
LNTVD, AICAZDHERTHLICHEDLL T A AGUEHIERE « 2T DL S 225 2 OMEE AL EHLAL
WZOWTHRITHIFESNT IR 2T, AR TIEIFPICEENIAANME L LITRET 22 &6 &
BT O A ZALRIT 5 2 & COWICHERBED AR EHE LT, ZOBRERIZIZAZAOMIZ, R K
SETYTh L EBR TR b B EN VD, 2 TRIRL 7230 4 2 Z3UB & BEOY, 2 2B
FESA N D 72D DSy 38T % PIXE Z3Hriks CRIMREhAS X8R A 3 #Tik) TAT 572, PIXE /3B I skt o
2R E RO T2 2 E N TH D,

PIXE 734 ORI & U TRl & PAd-C FEMEME 2R G T 525, WE £ To HIERE 4 fv iz PIXE 73T o
FERTIX, BRERHENA R+ Th 5 & PIXE ST &4 B LR L 72 EIE 100%I12 7 537, 3k & Pd-C IR
WHEDORAWMZ 15500 60 /3IERT 5 2 Lic k> THEO AR T Y 08\ S iz, T D7) A A3k
Pd-C EEEME & DIRE S 60 31T o7z, A AGEHI THEUEHZ LRI/ N S W 60 0 THAIRAE ST D
EHIRE LT,

PIXE 3415 T B L2 Wi 1L, MEAEOHAEE TR Lo EIE 2 -V CTRIE L7z, 2 O#IEEIT TNIES
FEAEGEL Pond Sediment (MLECEFUED) ) A HEHERELE LCERA L, Z Okl PIXE Hr i (PIXE fi5) 23MARE
ELBBMEIC R D LD ITHIESND, AENEAZRE L EW DL GENTHEZF CHETHIELE, S
BIZ Z OFFIEE 2 O XM TiE (XRF 20#TiE) TOHME (XRF fE) & i L7z, XRF ik et
DI ETIHIREFEO BT 2 ks LTHMHI TS, L, XRF OHTEITRMHE S 2R 50257
Hr ORIAE & U CTHEVLEE AL TH 0 | I OF &RV, Z1UZkt LT PIXE 4k &0
BT ERLSY DTN PR 7R T DB D HE LN A ZAFEHZIE LT\ 2D Z LTz, WEVLERZ LB Len
To DR DEREDHRD E VI FIRN DD, T D DIHTHRERD B A ARELOLF IR OV Coliam
L, WEFEFTIZIFZFEAERES N TN 2o EIZOWTH BT 5,
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2 FEMEE

2.1 $REUM R

2 A OTIRE B AHERD 3 SO WS THT o 72, 1 DIE AR OEALLTET < 0 < 11 & A (1)
TH otz < IFHUZBHOBARMIFIC A2 - TH Y . BRIXRET 5 LSMCHAT B HFN RV, KEh
B F L7 R Y B < \ZHNICE £ 5 L B2 5D, Y O 2 HUATILBIRO A 1 & BIEILTH 5.
YOI F5UNC b BRI B AR 2 B2 2 BT bV R L L TR a S SR B NS T,
REBAIAR, 00X 5 BT Ol H B b OPE& A KRR 2B b 72 GEF DB L THA
HEIIC — BRI RS T3 % 2 BB D & & 2T,

B ORI AR ILRTTIC 8 % 2 PSR RS20 RARIC BB S LTV 2 KBRS T B DB L 572 b D %
FICRB LT,

2.2 EWAE

A AZFREFORBUT TR L2 & D ICERE RS DI/ VERE L2 b o2 R LTz, SARILTCIIES R
WM L TV A ARBIZ R L TR L 72, AIUTIEERET TR<oTEY ., A0 EiZE-> Tzl
WOARRERL, KIEEVITEPATHELOEHI Lz, BELITESICAARRMGE L T TE I &
B L7, SIIEREE SR NV EBIERZICED RIS o 7o b D &2 NS LD THRILL T,

3 BIEAZE

3.1 g

B OREHIR D B — I —IC AN T RERBADEZRY RV, Ay h7L— b ETKGEERES
HHzfE Uz, BRIROBE S KB K2 N2 Tl S 7o & L el L O 2, drb I IR ne [ 7% = i 12 BV g A
T&EIlzd, ENEIY R, EE#OBEHIHm AR Lz,

3.2 HHAE
3.2.1 PIXE £3#ri%

A AGEE & R DAL TR D E BTN EAREEZ W e, ZOHEIMRBEHIE L T\ d & ST
%o PEBEENEL LT Pd-C &MV iz, Pd-C(5%Pd)Smg & A ARUEL & 7213 B AR 25mg % 60 2 FIRA L. R
BB O Pd DK 10000ppm & 725 KO FHEE L7z, BEHE 2y M THMADESELRY . —
FOHIICELS, ar s 0% K (=& ) —L P FLro—F =1 :1) Z3u &V, REo Lic
T L. EEE Tmm O MRIZIST 5,

AITALPE 2 46 2 7238t PIXE 3T & 7 — Z fffrid, (#h) BAT A Y b= BB A 7n ek
VBRI LTz,

PIXE pHHEIC L0 | B O, RSy Si0,, ALO;, Fe,05. K,0, TiO,, MgO, Na20, CaO, MnO,
P,0Os ® 10 7T, &K% Cl. S. Nb, Zr. Y. Sr. Rb, Th, Pb, Zn. Cu. Ni, Hg. As. Se. Ga. V. Cr,
Br, Mo, Pd, Ba, Te ® 23 R CTh 5,
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3.2.2 W XIRAMIE

AAREEEW OIS D H B, ERY THD Si0,. ALO;. Fe,05. K,0. TiO,, MgO. Na,0O, CaO,
MnO, P,0s® 10 £, &S Nb, Zr, Y. Sr, Rb, Th, Pb, Zn, Cu, Ni ® 10 jt &8 X otk z
RAWTHIE LTz, EEIIEA T A — RiEZ AW T, ol & OB EE UFREE U7z, o tric V7o 260813
Philips #1%4 PW2400 4> B 8t X R otrd&E T 5,

O (LOT)

B BT 5 2 & TR 2 B A B A (Loss on Ignition, W§FRLOD &35, (X3-1), LOI
DODARL L TEZLNDDIL, KK, RFE. BF, MHERLEOHRHEY ., BRSOV Vi EO—HMOmEHEY, =
IR CIERET 5 2 E O TERWERAK TS 5, 3UBHERIX OBVZ ISR B X BRATIC B2 B Cdh 5 1.8¢
PLEED L H5ICEY -T2,

LOI(%o)=((FENLEE i H H(g) — BT B B (g) )/ AL PR A B 2 (g)) < 100 ...(3-1)

OH T A E— RikIZ X 5 XRF sl el

MARBEHIXE LT 7 A — RE (@ERURREEE) IS K28 A T o7z, ZOHIEE H 7 AMHGE
WINLFHES 2 2 & CRBI O — & & . BN RAG O D, IBVLEE U738 1.8g ZRFEL .
A2 N2 CRUBHE @Al 1 - 2 DBIBITR D £ 9ICT %, @AIZIE Li,B,O, & LiBO, (Merck 8, A20) % 8:
2 (Li,B4O; 49 2.90g, LiBO4#J 0.72g) ITIRET- b DZMEH L7z, 7272 L, Li,B4O; & LiBO, IZIZfED K53 08
HENLTEY, BREFIC -EOFEERBE L, BET 5, 207D, H 65 UDIEREIRRE & i & O BIR % H
ELTRE, ERgICEE : fiAl=1: 20k#E L7205 X 912 Li,B,0; & LiBO, ZH5FE L7z,

4 WIEAE
4.1 PIXE T EDAZEREHZDUNT

A lE3imEnESEE & LT, INIES E#E3E} Pond Sediment) % A=, CHMEA TR 1 ITRT,

Pond Sediment :  HULESSORIXARGS  HRAEUKTF  —PURRHL(AUEE R, 1980 AEERHR
PRAEE & SZMEIX A - RHEA98NHIZ K D
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1. NIES #7338l Pond Sediment OfFRFFE
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Al,O, Fe,O, Ca0 K,O Na,O
% % % % %
XHR{E 20.03 9.34 1.13 0.82 0.77
XukfEiRzZE | =*05 +0.35 +0.06 +0.06 +0.04
Zn Cu Pb Cr Ni Co Cd As
Ppm ppm ppm Ppm ppm ppm ppm ppm
XHR{E 343 210 105 75 40 27 0.82 12
XEkfERRZE | £17 +12 +6 +5 +3 +3 +0.06 +2
72 2. NIES E#EGLE} Pond  Sediment D& B
Sio, Tio, P,0s Mn v Sr
% % % ppm Ppm ppm
X E 44.92 1.07 0.32 770 250 110
Rb Sc La Br Sb Hg
Ppm ppm ppm Ppm Ppm ppm
Xk E 42 28 17 17 2 1.3

4.2.1 Fe, Ca, K. Ti. P, Mn, #ExXE AT IL—T)

FHTHETHD Fe, Ca, K. Ti, Mn, P EWETHFEE AT N—T L35, ATN—T134ET— X &~

DTS 100%41E &3, PIXE SHiEE Z0F £EMAT 5,

4.2.2 Si. Al, Na, Mg. BZIL—7)
AT N—TLSNDFEETHETH D Siv Al. Na, Mg & B 7 /b—7" L9 %, MEICIEIFRHICHIE L7z NIES
FEAESEL Pond Sediment O/ ATED 45 H i AR L EARE X 4-2) Z2Hv 5, 100%MH1EICIE LOI

M2 TEEN 100%1272 5 K 5 icmiERE K 4-3) 2055 R 4-1),

BIEAE =7 — & X BV TR TEARSK X LOO%H IEAR S *

* 1 FEYEHER IEAR S = (NTES AR HERUEE f2
%2 100%fH ELR %= (100—L01) — (A DFD) (6) /B wimorsn (6)

b OfE,

WEEEEOHREE2ZE S hlov,
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Chemical characteristics of soot samples collected in
Mt.Gassan and Mt.Chohkai

Makoto Tsurumi, Yuka Ogino and Erina Maeda

Graduate School of Science and Technology, Hirosaki University

3 Bunkyocho,Hirosaki,Aomori 036-8561, Japan

Abstract

Composition and chemical characteristics of soot samples were analyzed with XRF ,PIXE and CN-corder
methods, these samples were collected in Mt.Hakkoda, Mt.Iwaki, Mt.Gassan and Mt.Chokai. Soot samples were
compared in chemical composition to yellow-sand “kohsa” and surface soil. Br/Cl ratio in samples is 0.02~0.1
weight/weight, that is higher than 0.0034 in sea salt, suggesting the contribution of fossil fuel to soot samples. The

specific gravity of the samples were also measured and discussed.
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Elementary analysis of soil samples using a combination method of PIXE and

activation analysis
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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

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

Abstract

PIXE analysis for soil samples was performed using a combination technique with neutron activation
analysis. In PIXE analysis for soil the internal standard method is effectively employed; however, it is sometimes
difficult to prepare homogenous fine soil mixture with the internal standard in the case of coarse sand. In this
report, after the PIXE measurement the soil samples were irradiated for a short time in a nuclear reactor to
determine aluminum content. The elementary analysis was carried out using relative content of the elements
obtained by the PIXE analysis and the aluminum content precisely determined in the activation analysis instead

of the internal standard method.
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bars are the range between minimum and maximum of PM, ;. Components that were not detected were omitted. For the

components that were measured as both element and ion, the higher values were shown.
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Abstract

To understand the impact of open burning of crop residues to the atmospheric particles, we burned crop residues
(rice straw, wheat straw, barley straw, stem and leaf of red bean, and rice hull produced in Japan) in an outdoor chamber,
and measured the particle mass and their composition (elemental carbon, organic carbon, elements, and ions) in the
exhausts by particle size. Particulate emission factors differed among these residues a factor of five. Particulate
compositions were also different among residues, especially for the rice hull that was firstly experimented. It was
suggested that the ventilation air volume affects the particulate composition. Our PM, | emission factors for rice straw
and wheat straw were in the same order as the previously reported data, however, their compositions were somewhat

different with them.
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Abstract

As a part that, an epidemiological study on the effects of chemical composition of airborne particulate matter

(PM) and ozone on asthma attacks, we carried out size-resolved sampling of PM in Himeji City, and elemental

and ionic composition analyses of the PM sample. Size-resolved PM was collected using a 3-stage NLAS

impactor (Tokyo Dylec Co., Ltd.; particle cut size at sampling stages was 10, 2.5 and 1.0 um for a flow rate of 3

L/min) with a 1 week sampling interval, and the PM sampling was began in November, 2009. Concentrations of

several elemental and ionic species in the PM sample were determined by PIXE and ion chromatography analysis.

Our results suggest that:

— Affect the PM size range of soil and sea salt particles and Aeolian dust (Kosa aerosol) were coarse particles
(PM larger than PM2.5).

— Sulfate and ammonium ions, which showed high values in the fine particles (PM smaller than PM2.5), nitrate
ion showed a higher value in the coarse particles.

— Sulfate and nitrate ions are considered to occur in different forms.

The present research has been supported by the Environmental Research and Technology Development Fund
(Grant No. C-1005) from the Ministry of the Environment, Japan.
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Figure 1 Relationship between element concentrations in soils**'? and in seeds and peduncles.
Kazuno: e, Yokote: ¢
Table 1 Element concentrations of seeds and peduncles from Kazuno and Yokote.
Concentration (ug/g-dry) Concentration Ratio
Seed Peduncle (Seed/Peduncle)
Element
Kazuno Yokote Kazuno Yokote Kazuno Yokote
Mean %RSD Range Mean %RSD Range Mean %RSD Range Mean %RSD Range
Na 578 109 207 - 1310 160 22 121 - 190 366 9.2 327 - 389 326 33 255 - 449 158 049
Mg 1640 15 1492 -1920 966 22 823 - 1210 149 35 924 -104 139 29 115 - 185 1101 695
Al 766 74 328 -141 %2 33 193 -348 167 41 104 - 239 567 60 233 -911 046 044
Si ND 103 64 276 -145 650 37 423 - 905 325 45 181 - 474 - 032
P 5040 7.9 4740 -5490 3590 19 3120 -4380 484 27 382 -633 703 7.2 650 - 751 1041 511
S 3140 16 2610 -3580 1990 18 1680 - 2370 237 20 182 -270 270 88 256 - 298 1325 737
cl ND ND ND ND - -
K 6850 98 6190 -7540 5330 80 4950 -5800 8610 9.2 7770 -9360 7880 12 7810 - 8000 080 068
Ca 2710 20 2140 -3230 2150 13 1850 -2420 4140 39 4030 -4330 5200 49 5030 -5490 065 041
Ti 658 98 168 -13.9 402 4 211 -5.11 173 25 170 -1738 157 22 117 -177 038 026
\ ND ND ND ND - -
Cr 235 55 1.27 -378 0555 - ND-0635 229 51 0977 -3.25 138 29 1.01 -181 102 040
Mn 408 17 34.8 -48.1 386 11 36.0 - 434 663 80 276 -127 820 44 570 -123 615 471
Fe 746 15 667 -87.0 871 15 722 -96.1 388 10 344 -415 2092 86 264 -312 192 298
Ni ND ND 0860 60 0530 -145 0.777 27 0547 -0951 - -
Cu 160 14 138 -183 194 14 167 -223 413 34 278 -556 764 27 601 -991 387 254
Zn 333 98 296 -357 461 20 372 -558 171 97 152 -182 241 3 154 -305 195 191
Ga ND ND ND ND - -
As 880 - ND - 133 ND ND ND - -
Se 0846 - ND - 1.47 ND ND ND - -
Br 0789 - ND - 1.29 ND 0580 - ND-0892 0526 - ND - 0.725 1.36 -
Rb 210 21 176 -26.0 117 70 109 -126 109 15 9.00 -11.9 673 - ND - 8.02 193 174
St 695 19 549 -7.98 562 17 551 -570 360 22 306 -44.9 326 69 3130 -352 019 017
Y ND ND ND ND - -
zr ND ND ND ND - -
Nb ND ND ND ND - -
Mo ND ND ND ND - -
Ba ND ND ND 381 12 352 -435 - -
Pb ND ND ND ND - -
Hg ND ND ND 0580 - ND - 0.737 - -
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Method development for identification of geographical origin of Japanese apples
by PIXE analysis - Characteristics of element compositions in seeds,
peduncles, and soils from apple producing regions
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Abstract

We studied characteristics of element in seeds, peduncles, and soils from apple producing regions to develop method
for identification of geographical origin of Japanese apples by PIXE analysis. Seeds and peduncles from apple fruits of
Japanese 'Fuji' apples were examined in this study. Apple fruits for this study were collected from Kazuno and Yokote
cities that were apple producing regions in Akita Pref. in Japan. Concentration ranges of seeds and peduncles in apple
fruits were 10™" to 10%. Concentration levels of elements in soils from kazuno and yokote were clearly contributed to
those in seeds and peduncles. Element compositions and their concentration levels of soils and those of seeds and
peduncles in apple fruits resembled each other. The following elements were respectively determined from seeds and
peduncles in both or either Kazuno and Yokote samples: “Na, Mg, Al, Si, K, Ca, Ti, Cr, Mn, Fe, Cu, Zn, As, Se, Br, Rb,
Sr”’; “Na, Mg, Al, Si, K, Ca, Ti, Cr, Mn, Fe, Cu, Zn, As, Se, Br, Rb, Sr, Ba, Hg”. Both samples in Kazuno and Yokote
were rich in “Mg, P, S, K, Ca” (>=1000 pg/g-dry). Other element concentrations were lower than those elements.
Except for exceptions, those elements concentrations in seeds were clearly higher than those in peduncles. Relative
standard deviations of Na, Mg, Al, Si, Ti, Cr, Rb for seeds and those of Na, Mg, Al, Si, P, Ti, Cr, Mn, Ni, Cu, Zn, Sr for
peduncles were much higher than those in other elements (>20%). We conclude that Cr, Ni, Rb and Sr could be

contributed to identification of geographical origin of Japanese apples by PIXE analysis.
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Abstract

Atmospheric particle including KOSA (Asian dust) has lately attracted considerable attention due to their potential to
affect human health and environment. From March to May, a huge volume of yellow sand (KOSA) is whipped up in the
Taklamakan and Gobi deserts, riding westerly winds to sweep down on Kyushu island of Japan. Observation frequency of
KOSA is an increasing tendency for the long term. In this study, we compared the elements and their concentrations of
aerosol between KOSA event and non-KOSA events to reveal the characteristics of KOSA aerosols. Research site is
located at Tatsutayama Experimental Area (Long.130°44" E, Lat.32°49" N) in Kumamoto Prefecture, the southwestern
region of Japan. Aerosol samples were collected bimonthly by filter pack method from April 2004 to December 2006. A
PTFE filter of 47 mm in diameter set up to Nilu filter holder was placed in a height of 7m above the ground. Sampling flow
rate was 2 to 3 litters per minute. We obtained 66 filters. We classified to thirteen KOSA events determined by the
Kumamoto meteorological observatory and fifty-three non-KOSA events. The element concentrations were determined by
Proton Induced X-ray Emission (PIXE) method at NMCC. The mass concentration of aerosol showed seasonal variation
with an increase in KOSA event. Concentrations of Si, Fe, Al, Ca, and Ti in KOSA event were 2.3, 2.0, 2.0, 1.6, and 1.6
times higher than those in no-KOSA event respectively. Those elements are expected to be the sources of soil particle. On
the other hand, S concentrations in KOSA event were 0.7 times smaller than those in non-KOSA event. In other elements
there were no differences between KOSA and non-KOSA events.
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F£1 BRHEOEARKHE
(a) 1 » H O+

NMCC 3 [ AR SE AR SC4£17(2010)

variable Mean SD Min 25% Median 75% Max
B.Na 201.16 173.53 0 82.159 161.32 274.08 1703.7
B.Mg 97.648 80.553 0 36.58 83.967 140.02 542.97
B.Al 10047 73.684 0 35.434 100.62 152.94 350.01
B.Si 171.02 111.95 0 93.607 154.71 220.43 708.38
B.P 95.94 101.16 0 0 74.273 148.98 687.01
B.S 42017 3947.3 29408 39270 42232 45059 52416
B.CI 1112.8 1308.7 0 218.42 599.93 1641.5 10160
B.K 999.14 1214.5 21.202 223.87 504.16 1306.6 9877.8
B.Ca 1311.2 432.84 386.08 993.95 12943 1582.6 2969.2
B.Ti 42.026 39.503 0 14.039 28.778 59.271 24430
B.V 0.543 1.144 0 0 0 0.647 16.632
B.Cr 0.555 0.818 0 0 0.155 0.854 6.446
B.Mn 0.961 1.75 0 0.054 0.659 1.313 39.32
B.Fe 28.023 14.752 10.018 17.881 23.721 33.867 140.63
B.Co 0.368 0.551 0 0 0.081 0.592 5.192
B.Ni 0.579 0.678 0 0 0.373 0.969 7.69
B.Cu 10.362 16.499 2527 6.754 8.251 10.51 435.14
B.Zn 206.24 77.549 53.09 170.40 194.92 225.80 1018.5
B.Ga 0.751 0.726 0 0.048 0.665 1.176 5.735
B.As 0.181 0.516 0 0 0 0 4.495
B.Se 0.859 0.785 0 0.164 0.761 1.312 6.516
B.Br 11.272 9.311 0.543 5.356 8.543 13.966 93.799
B.Rb 1.934 2.723 0 0.395 1.176 2.384 32927
B.Sr 2.738 2462 0 1.134 2.247 3.517 19.295
B.Nb 0.583 1.009 0 0 0 0.857 9.687
B.Mo 0.978 1.812 0 0 0.3 1.358 26.992
B.Ag 0.746 3.077 0 0 0 0 39.929
Bl 29.721 74.551 0 0 0 26.15 1013.9
B.Hg 1.781 1.993 0 0 1.345 2.826 23.066
B.Pb 3.272 9.189 0 0.542 1.502 3.354 200.23
(b) 1 7 A D
variable Mean SD Min 25% Median 75% Max
M.Na 134.55 118.26 0 64.342 112.81 170.16 1116.9
M.Mg 55.898 54.758 0 9.317 44019 83.359 324.12
M.AI 38.646 45.19 0 0 20.44 68.752 252.66
M.Si 320.69 863.29 0 134.82 213.40 326.03 23693
M.P 101.99 104.36 0 3.449 77.298 160.92 577.80
M.S 46422 4483.6 30046 43522 46270 49517 58738
M.CI 388.57 760.55 0 0 77.632 417.07 6906.0
M.K 374.25 526.24 2.557 81.438 179.96 428.09 3410.4
M.Ca 1883.4 1241.7 323.08 989.09 1505.4 24487 7924.0
M.Ti 34.153 74.643 0 11.611 22.265 40.183 1960.6
MV 0.807 2.337 0 0 0 1.203 60.352
M.Cr 0.561 0.778 0 0 0.154 0.96 4.104
M.Mn 0.904 2.875 0 0 0.442 1.193 65.562
M.Fe 17.213 8.317 4.354 12.201 15.012 19.783 89.928
M.Co 0.481 0.669 0 0 0.182 0.773 5.224
M.Ni 1.69 5429 0 0.237 0.74 1.531 96.624
M.Cu 36.955 49.879 5.262 17.455 24.003 37.549 718.73
M.Zn 294.03 255.54 42.069 206.49 253.66 299.97 4654.3
M.Ga 0.677 0.999 0 0 0.146 1.104 8.075
M.As 0.314 0.645 0 0 0 0.262 3.481
M.Se 0.75 0.775 0 0 0.567 1.246 4.164
M.Br 15.34 30.796 0.033 3.978 6.919 13.712 503.20
M.Rb 2.988 7.547 0 0.275 0914 2.509 129.53
M.Sr 8.851 7.527 0 3.288 6.817 12.278 49.274
M.Nb 0.7 1.18 0 0 0 1.015 7.518
M.Mo 1.161 1.744 0 0 0.146 1.897 10.331
M.Ag 1.49 6.424 0 0 0 0 115.01
M.I 0.831 6.203 0 0 0 0 90.708
M.Hg 4.257 2.945 0 2.069 3.889 6.025 20.979
M.Pb 5.805 7.03 0 1.713 3.77 7.674 77.273
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(c) 10 » A O+

NMCC 3 [ AR SE AR SC4£17(2010)

variable Mean SD Min 25% Median 75% Max

10B.Na 162.29 170.97 0 53.886 120.67 210.13 1899.6
10B.Mg 36.523 43.007 0 0 20.384 58.327 22480
10B.Al 90.155 54.066 0 50.573 87.627 123.63 391.65
10B.Si 119.58 60.016 0 83.438 114.42 147.45 995.77
10BP 97.464 95.75 0 15.834 80.393 148.64 887.65
10B.S 44293 3909.8 28412 42055 44139 46148 62667
10B.CI 1943.2 1867.9 0 599.43 14105 2702.1 12947
10BK 888.02 967.06 55.289 250.95 489.28 1209.6 7112
10B.Ca 656.46 437.31 143.76 406.97 540.42 732.00 4813.9
10B.Ti 42.521 42.041 2.031 17.866 30.218 48574 521.96
10B.V 0.519 0.927 0 0 0 0.708 6.308
10B.Cr 0.536 0.848 0 0 0.208 0.804 8.797
10B.Mn 0.8 1.646 0 0.075 0.63 1.181 43.795
10B.Fe 20.547 9.41 7.432 14.283 18.135 23.931 75.356
10B.Co 0.522 0.58 0 0 0.359 0.823 3.72
10B.Ni 1.072 2.102 0 0.274 0.722 1.284 39.368
10B.Cu 20.901 20.967 6.099 12.105 15.407 21.836 312.31
10B.Zn 205.49 200.96 9.45 111.66 182.34 248.38 44216
10B.Ga 1.312 1.031 0 0.694 1.193 1.714 17.746
10B.As 0.274 0.553 0 0 0 0.312 3.463
10B.Se 0.441 0.595 0 0 0.21 0.727 6.66
10B.Br 17.022 13.388 1.47 7.846 13.446 21.761 175.47
10B.Rb 2.873 3.517 0 0.726 1.799 3.776 48532
10B.Sr 2.085 2.727 0 0.52 1.184 2.66 25.689
10B.Nb 0.436 0.681 0 0 0.025 0.674 3.44
10B.Mo 0.704 1.133 0 0 0.146 1.083 11.61
10B.Ag 0.357 1.572 0 0 0 0 25.187
10B.I 0.866 10.521 0 0 0 0 210.26
10B.Hg 1.896 1.677 0 0.394 1.661 2.898 9.487
10B.Pb 3.723 4.834 0 0.944 2.32 4.659 37.418

(d) 10 » A DR

variable Mean SD Min 25% Median 75% Max

10M.Na 178.54 173.7 0 77.644 131.35 225.46 1573.5
10M.Mg 49.372 52.855 0 0.887 34.952 79.996 355.04
10M.Al 50.468 45914 0 12.77 42125 75.396 402.44
10M.Si 282.96 579.53 0 88.006 164.49 284.85 9527.6
10MP 55.831 100.09 0 0 0 78.016 571.15
10M.S 44866 5087.5 26557 41435 44648 48196 59035
10M.CI 536.65 959.23 0 0 170.90 61553 74743
10MK 365.02 478.42 2.351 106.65 207.11 396.95 4658.5
10M.Ca 2153.6 1337.6 259.88 1095.9 1831.7 2970.5 7958.5
10M.Ti 36.86 48.21 0 14.077 24.649 42.753 800.91
10M.V 0.7 3.335 0 0 0 0.752 64.027
10M.Cr 0.362 0.549 0 0 0.005 0.594 3.575
10M.Mn 0.704 1.343 0 0.056 0.492 1.014 33.32
10M.Fe 15.871 14.334 4.661 10.949 13.672 17.561 366.35
10M.Co 0.347 0.49 0 0 0.066 0.609 2.936
10M.Ni 1.23 2.764 0 0.148 0.611 1.242 40.077
10M.Cu 35.343 55.594 2.868 16.469 22.275 33.421 721.22
10M.Zn 330.56 259.05 23.633 216.96 261.71 329.99 2703.7
10M.Ga 0.767 1.006 0 0 0.46 1.18 9.78
10M.As 0.232 0.532 0 0 0 0.099 4.408
10M.Se 0.908 0.75 0 0.219 0.846 1.405 3.854
10M.Br 21.671 110.41 1.297 4414 7.571 15.849 27359
10M.Rb 4.496 28.607 0 0.378 1.151 2.824 711.80
10M.Sr 11.31 8.276 0 4.748 9.741 16.274 46.277
10M.Nb 0.444 0.8 0 0 0 0.635 8.044
10M.Mo 0.581 1.01 0 0 0.061 0.868 12.626
10M.Ag 0.482 7.712 0 0 0 0 167.32
10M.I 0.14 4,053 0 0 0 0 117.04
10M.Hg 3.52 2519 0 1.729 3.466 484 19.635
10M.Pb 4.187 7.395 0 1.111 2.338 4434 94.999
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Abstract

Although the incidence of atopic dermatitis (AD) was rare before the 1945, it has steadily increased to become a major
health concern. According to a Japanese report from the Ministry of Health, Labour and Welfare, the number of AD
patients in 2002, 2005 and 2008 were 280,000, 380,000 and 1,400,000, respectively. The itching caused by the irritation
can be so severe as to prevent patients from leading productive lives and has even led to suicides. Unfortunately, neither
preventive measures nor effective treatments have been established. The objective of this study was to determine the
possible relationships between AD and the concentration of minerals in the hair of infants and mothers, as measured by
the PIXE method.

PIXE was the only possible method to measure neonate hair minerals, since some of them had too few hair strands to
apply the ICP method. We have completed PIXE measurements of hairs sampled at both one and ten month regular
infant checkups of 842 mother-infant pairs. These PIXE measurements were linked to a detailed clinical examination

results, a dietary questionnaire and any diagnosis of AD performed by pediatricians at the ten month check up.

Though journals were founded as far back as 30 years ago to examine the medical application of hair minerals, reference

values for these minerals have not been well documented. The distribution of hair minerals can depend on such factors
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as sex, age, race, hair analytes preparation method, subject’s health condition and environment. To enhance clinical
applications of the use of hair minerals, a greater data base and a deeper statistical consideration regarding the
distribution of hair minerals of healthy subjects are required. Thus, this study reports reference values calculated from
healthy mother-infant pairs in Fukuoka, a Japanese non-industrial city with mild temperatures and typical four seasons.
The results show that no subjects were found to have unusually large amounts of any harmful minerals such as Hg, As,
or Pb. Mothers showed higher amounts of Ca, Si, Cu, Sr, Hg, Pb and Ni than infants. On the other hand, infants showed
higher amount of K, Cl, Al and Ti than mothers. These findings were inconsistent with those of Di Toro’s (1994) 42
mother-neonate pairs. The reference values determined from our data also disagree with those of other reports
concerning most minerals. We hope to clear up these discrepancies in future reports to provide unified results that can

aid in the prevention and treatment of AD.
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Abstract

We investigated relationships between the amounts of a natural radioactive isotope *'°Pb and
the stable elements containing in the aerosol collected in Nagasaki Prefectural Forest Park and considered
conceivable behavior of the acrosol comparing with that collected in the Nagasaki City urban district.

Amounts of *'°Pb in the park was about half of the urban district. Amounts of almost
elements were very much higher at the urban district. ~ Strong correlations were not observed at the forest
between *'°Pb and stable elements contrary to the urban district. The situations suggest that the fallen
aerosol refloat more easily at the urban district than the forest.

Amount of 2'Pb per unit mass of the acrosol was largely increased at the season of “Yellow
dust”. It suggests small aerosol particles floating the atmosphere for long distance and long time contain
large amount of *'°Pb particles.

Ratio of stable lead isotopes was investigated in the aerosol and correlation between other
elements was investigated. ***Pb/*°Pb ratio and nss-Br/*'°Pb ratio showed inverse correlation. It
suggests Br emission from coal combustion has measurable environmental impact.

251



NMCCHE[RIFI] AR FE AR 17(2010)

FRAZENROMRK - EZ2AFIVREICET 51

R 'L fE T R BT E Wk
WAt IE !
i EL BB 2

VERERCEESR BB
020-8505 e+ T[] T Y HL 19-1

PMFERAEFA 70 ha ey X —
020-0173 & FRAE FEBREIRARIN T8 3 2% 348-58

1 XIS

FAENBIEFIIC NS F & > (titanium ; AT Ti) &4A 77 > b, BEEFRBHNIAE T, 2> O6NE
BEONEM L 2257720, B, SMiELRR &~ Ti OFEMCEEN G SN, S, bbb Ti 44
AT T N ERE LEFHEUEEDRE CUT, BEH) oyl - BENTIREEZEL, Tiae s 77
¥ FOERA~OEEICE L THRFN L0 THRET 5,

2 MEELUVAE

ARFFEDERICEE L Tk, HTFERKPMBEZESICBWURRBEE, £72, ARFEHRECHIE 1B
LIRS ENOEBICLARELBTEME N,

BERE 64 4 (Lot 55 - BYE9 A FEIFID 18.6£5.0 5%) . XHREEIIAENIC Ti 641 77 v F OB AEN
RUN36 4 (P32 - B4 4, FEFE 228443 5%) & L. BEEIUT 1 BIOAE Lo, (KNHEE Ti &3 7
%) 154.5+62.6g (50.9~355.1g) TH -7,

FRRITE AR 5 ml & B52 7~8 R (B R m L D UIBE) 280 L A A > bk X #1556 K Bk (particle induced
X-ray emission ; LA PIXE) {EIC T TiiREZHE L7, PIXEIETEL FEMABRWEBEZICEREA 4 B —A
ERHLEESNEZITO DO THY | MiEL IANREFARO FIRITE LB IN D, S OICHEBFRRICE
IREEBERDPHER SN D7D, WO THEDORBWERE 525 ENRARETH 5,

T ZARRERIC 2 [MOBEZERBA A ThH 572 14 BIOBFIZ OV THEE L7, #IEIO 250 ] X
37.5+18.7 # A (7~80 » H). 2 [EIH FREURF ORI IE 51.6422.8 » H (17~94 » A) . #IEI& 2 [EIH O
MMEONEE 13.6£73 v H (6~31 »# H) Toh o7, FIEEREFFOWEEE, 2 5] B SRR OWEmE., Wik X 0

252



NMCCHE[RIFI] AR FE AR 17(2010)

3em KX 6cm DEAVENLD Ti JFE 2 WE L, WriisiBIZEST o, Wi £ 0 3em & O 6cm OEALITZEIEN 3
K6 » ARIOAEEAN TIIRELZ KT 260 L LT 4 Rl T 2 RREIE 2 /T LT, BEN Ti 21k
HEIIEFE 2 12815 4 FRRORKE L R/IMEDZE L Uiz, RHIREE S R WIBIER B O B E2 Wit Wi
£V 3em KV 6ecm DENEND TiREZMIE L, 3 ReRlldki) 2R b 2 it L7z,

BFERE L RBEICOW T O 5 A & #Et L7z,

(1) BEE L REEOIME - BEZNO Ti RO

(2) HHiE TifEE My - BEZN TiRE & OFHE

(3) firtzftm IR & My - BN Ti IRE & OFER

(4) 6 L DOF—BHEOIMN « BEZHWIANERT GFET 1 » HERN) Sl B8 (it 12 » H ARG OFE
W Ti J% £ D bk

(5) 14 BlOWTTH TN Ti B E ORI

W O el i 21X Mann-Whitney U #27E %, FHBI OFRFHIIL Spearman O NARZAHBILREUR E 2 HIV . A EK
HEILMERRER S%AT & LT,

3 BIEAE

2~3em, T~8ARDEEZZT & b TR, ¥ —7 v bR — (T 7SR, 3R (TEZRLY

DIz, FDOF =4 MTHEPE 29MeV DO+ — 2 (70~12w0nA) ZMRE L. 34 L= X% 2 50 SiLi)
YA (—51E300pm KU ZF LD X BIRINAZ RS b ) —HFIERIER L) TRFCRIT 5
ZEICED Y Nall 2T OBED 5 /3FRE OB TRIRE & e o 72,

IMEFREHINER R L 2SR - o Tz, EHT 1000ppm O34 H In (indium ;
AT In) BEERR (FnoeAfid RIRRF) &2 100ppm 1272 5 K 9 1Th0 % | Vortex X % #— (IKA-Works Staufen, Germany)
TH—b L% Ny 7EE LTHWS 4pm 7'm— L > 7 ¢ )L A (IKA-Works Staufen Germany) kiz 5uL
WTrL, 72V =0 _RUTFHNTHRMERSE Y —7 > b & Lo, RIS - Rl EZRlk L FERTH
D, BHREO n v — 27 5L L, LiL 3 SoYEE) 6{1*277:%@?&%&*%5}?&)5?1@& L7,

AT MVIRRTE LTCIE, A2 — TR IS Hisk Tl STV % SAPIX (spectrum analysis for
PIXE) ** %AW TiThbh, EEHE 7077 AL LTI [ty ¥ —THE S KEI (keisan) 73
Hnbitle, %EICENTIE, EiL 3 DOWEENT —F 7 7 A VinbFiria g, WEEETES LT
BELREOE—ZINEONDL, RUREENRDOOND, M « BES~ OBHBRMEIL, e %
W 2R 2 THI R ZZ B 0.02 pg/g FREE & AR S b i=72o, MHRSMELL T OFEHI % L CTiX 0.02
uglg & L7,

4 % R

(1) HEERE L RO YEIRREE O ME « BEN Ti BELZ L LR, iE T BEIXEER T
0.18+0.26 ug/g (0.02~1.00 ug/g) . XHFRFETIX 0.13+0.18 ug/g (0.02~0.90 ug/g) TohH 7=, (Figla) FEEZNTi
IREEITEFETETIL 17.43+14.36 ng/g (1.22~72.40 pg/g) . it HREETIE 14.86+5.39 pg/g (4.67~35.89 ug/g) T -
Too MG, BEZEGBEH ORESMELZE L), MSREEL OMICAEELZRD 22> (Figlb),

253



NMCCHE [RIFIFIFZE R S SC £ 17(2010)

0.3

(vo /) SUOIEBIIURIUOD 1L

patients (n=64) volunteers (n=36)

Fig 1 a

35 +

30 +
25
20 A
15 A
10 -
5
0 - |

patients (n=64) volunteers (n=36)

(va/F )SUONERIIUIUOD ||

Figlhb

(2) BFERE 64 LITOWTHIE Ti fE & Mg K OEBZWEN Ti RE & OMBEZ B LR, Mg ik
=-0.27, p=0.03, EZEZTiL r=0.07. p=0.57 THENIFBD LR >T,

(3) BAEWE 64 L IOV TIN 114 1 A F ToORGEMI & fLF & OB2WimES Ti R E & OMRBEZ M L7
FERL MTE Tl r=-0.01, p=0.96, FETIL r=-0.22. p=0.08 THPENIFRD LN oT,

(4) [Fl—8F 6 L OHFELRT (AT 1 5 HLIN) LIt B4 (5 12 » H AR OFZE TiRE O T,
ITIECAT Tl 10.69+6.53 wg/g (0.32~17.96 ug/g) . i B4 Tlid 26.90£14.99 ug/g (2.04~40.71 ug/g) T, FER]
Lo REMcEEE R L (p=0.03) (Fig2),

254



NMCCHE [RIFIFIFZE R S SC £ 17(2010)

INCE | . .
S 40 -
o * P=0.03
2 as
3 35
S 30 - 26.90414.99
=2
2 25
o~ 10.69*+6.53
20
&
£ 15 -
10
5 -
0 - T
within 1 month before surgery(n=6) within 1 year after surgery(n=6)
Fig2

(5) BEZA R 2 EHRINC X 72 14 L OBREFITHONT, BEN Ti BE OREFE(L 2 LTk 5.
firt% 36 # H AT~ 36 » H RICHB W CTRICIREZ (L EICKRE REARBO bl Z &b (Figd) ., 36
» HTREIY | Atk OZE(bE A ik L7ofE R, 36 4 A KTl 25.2646.34 1g/g (16.68~30.22 ug/g) . LAE T
I 8.10+2.82 ug/g (4.19~13.45 pg/g) T 36 » HLIZIZH A~ 36 5 AR OZAL &N A EIZKEZ o 72 (p=0.005)

(Fig 4),

40

35

30

25

20

15

(va/Jg YSUOIIRIIUBIUOI 11

10

5

0
94

36
Fluctuationsin hair Ti concentrations (M)

Fig 3

255



NMCCHE [RIFIFIFZE R S SC £ 17(2010)

G0
= #*
8 =
3 50
] *p=0.004
=
§ 40 -+
g' 25.24*+6.34
v 30
€ 8.29%+2.75
)

10 - ‘

0 - T

less than 36 months(n=4) more than 36 months(n=10)
Fig 4

36 » H ARG X3 REE O L& 12.57+11.14 pg/g (1.93~57.47 wgl/g) (ZH~_@EfEz R L7= (p=0.01), 36 » A
DTt EE o2 i E AR AEAZB O 72 (Figh).

35
= [ 1
2 ( % * ok
- : ) —
5 3(C * p=0.004
z kK p=0.01
=25 -
=4
220 -
~—
£ 12.57111.14

=
[
1

8.29%+2.75

10
5 -
0 - T 1
less than 36 months(n=4) more than 26 months(n=10) volunteers (n=26)
Fig 5
5 & &

FHEABEDO PN TIHINFOAL T T bRUT 407 - REBELNROILFEA 77 PEMEES
EA D72 NENREHLIR RS S AU, A H & BERERY DR Ti 8IS K D 25 ~ ORI S 115, Richardson
HliX. Tid®A 77y NO®%GEEREEEOME Ti &IX ML i L TR Th 7o L RE LTS
VBB OIE, T AR N LA T CIIABIRBHEIR A HIEE S N9 < 20 | IEHSCERE SR AE LT
KB @HELTNDEY

Ti IFANIZ & > THHETRE CTHMELETLE TH 2L, BUE Ti OFNESZE O, B 3, PRt
ElZOWTIIEA L TIER WY, N A~T U T ANLMERH L7 Zn (zincum ; Zn), Cr (chromium ; Cr) .

256



NMCCHE [RIFIFIFZE R S SC £ 17(2010)

a0
o
A

i

i
™
=
(;H:
0k
&

Se (selenium ; Se) 72 EOMAEAMBITLREIL, ¥ /37 LFEE LTI - U > 7 \RIZES
LHEEhTW57? (Fig6),

Elution of Bonding of protein
metalion Accumulation
in organs
o g
]
3
g vy]
=] 3 S :
§ 'E; Local 8_ Exc.ret|on of
i3 § accumulation - urine from
3, s § kidney
©n » '%
2
@
§ Hair. Nail
Phagocytosed by
Wear particle macrophage
Fig 6

Liu 1%, WH L&A A 37 v X7 EEARER L, RO, MEROTFE L CHRH SIS EHEZR L
T3 Y, 7o, BRI~/ n 7 7 —VICL VAR SNEFH~EBEND L RSN TWD 7, Lo TRA
~NERENTEBRED IV EERERB I 0OV A 7V ERDIRL, ZhBnX X7 LEASREERL,
MRV V7 \RICBAT LIERNIEER IS L » TH Al IS FE, D WITEEZSCN, R, 1T, B BT 5LE
ZBiId,

AWFFETIL, BERE & BREOIMTE « BEWIREN Ti I, W TR b WBERICAEEEERD RN T,

Bianco H i, Ti @7 =/ b Mik#ED 7 FIEHAEER T, A 1 FZICay he— O Mmig - k& OH
W Ti BEOZEZRDT, ZTOREITHEAM DS OBEHETE L SE TR AEFMEERMBU FOH & #
BLTND Y, AR T « BEM N T R E CHEERE L M IRREOMICABEEN 2hoTt 2 & &K
D, A7 7 MED Ti IBHIIMME CTH -7 b DB X D,

TR (1 % B LAN) &3tk 581 (12 5 B A050) O B2 Ti R B O bl TIE L itk SIS @il 2 78 L7z (p=0.03) ,
%%2E%%ﬁﬁm@n%§@ﬁ%%QMTm\%wﬂ%ﬁ@%m%ﬁ%ﬁﬂu%’%&%mf&ot
(p=0.005), *HRBEDOZ L E L DO TIX, 36 # ARM CEMEE R L (p=0.01), 36 » HLIE CIIAEZEZR
Wigholz, NLBEIO TiGe&A 77 v MIBERT O BEFREMERG . —EENR DL &2 T b E-ENTE
ITTHZENHRESNTNE Y, -, BEA VT T MERCA T T b eA T T MIOERICETD
B EEEREE R Tl MUNES) LT, ~/ /T —vay) FEREFSERSICIVELTS 2 ERNmb5NT
I/\}:) 11)

m&&%m%KWﬂ%WﬁMi MFDOR7 Y a—F@ESR Yy RRUT 4 U7 axy Z—FEErEOF
WRIEIC L DA > 7T v M REOMABREIC iéﬁﬁ%&%ﬁ@ CEIND D EHEET D, 36 » AR TIET
REDORE, Bl ART TR O~ 7 0E—2a v HEIWVEZTOMBI L D EILEOHEK L MIRNT 5,

AT TIEA 77 b0 Ti IWHITEMRBICB O TUIBKE B2 b, TFEREINLTHD Ti
TULAX=2 DL HIRAEEELLBREATEROTELT, IASA 7T FOREMBEICL D EE~D

257



NMCCHE[RIFI] AR FE AR 17(2010)

ANEGPEDIFETRERN TH D Z LR S,

SE Xk

1) Sera K, Yanagisawa T, Tsunoda H, at al. : Bio-PIXE at the Takizawa facility (Bio-PIXE with a baby cyclotron). J
PIXE, 2-3, 325-330, 1992.

2) Futatsugawa S, Hatakeyama S, Saitou Y, at al. : Present status of NMCC and sample preparation method of
biosamples. J PIXE, 3-4,319-328, 1993.

3) Sera K, Futatsugawa S : Personal computer aided data handling and analysis for PIXE. Nucl instr and meth, B
109/110, 99-104, 1996.

4) Sera K, Futatsugawa S : Spectrum analysis taking account of the tail, escape functions and sublines. (SAPIX
version 4). J PIXE, 10-3, 101-114, 2000.

5) Richardson TD, Pineda SJ, Strenge KB, et al. : Serum titanium levels after instrumented spinal arthrodesis. Spine
33, 792-796, 2008.

6) EIEAFIC, BT, FILEH, fh o BUEF 2 B84 2 (Ti-5Nb-5Ta, Ti29Nb-13Ta-4.6Zr) 7> 5 DFARL
GJBOVEM L MIAEIEICOWT, BEIKEEE 42, 337-344, 2004

7) VEHRRE: NA A~ T VTV E AR BWER & 2R, pp. 48-61, HILFEE, BT, 1998.

8) Liu TK, Liu SH, Chang CH, et al. : Concentration of metal elements in the blood and urine in the patients with
cementless total knee arthroplasty. Tohoku J Ext Med 185, 253-262, 1998.

9) Bianco PD, Ducheyne P, and Cuckler JM : Titanium serum and urine levels in rabbits with a titanium implant in the
absence of wear. Biomaterials 20, 1937-1942, 1996.

10) AL - ARAERMEIORIE LIGH. Ao A~ T U T VLERREL, pp50-52, B ARESAE, B,
2005.

11) EHFIZS, EfErhsl, RmkE, . . ~/ 7 n®—3 3 & von Mises s /112 & - TR L7~ Al-Hip
cementless stem H REZET L OWAEEVE. A A4 A D= X255 33, 73-79, 2009.

12) Lalor PA, Revell PA, Gray AB, et al. : Sensitivity to titanium. J Bone Joint Surg 73-B, 25-28, 1991.

258



NMCC ANNUAL REPORT 17 (2010)

Serum and hair titanium concentrations after scoliosis surgery

R. Uchimural, K. Yamazakil, H. Murakamil, S. Yoshidal,
T. Shimamura' and K. Sera®

! Department of Orthopaedic Surgery,School of Medicine,Iwate Medical University
19-1 Uchimaru, Morioka, Iwate 020-8505 Japan

*Cyclotron Research Center, Iwate Medical University

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

Abstract

Posterior spinal fixation using titanium implants is a common procedure for correcting scoliosis. Surgical
intervention for scoliosis is usually performed while the patient is in the teen-age years and the titanium implants remain
in situ for the rest of the patient’s life. However, the long-term consequences of titanium implants are unclear. We
investigated the associations among serum and hair titanium concentrations and spinal implants. Serum and hair
samples were collected from 64 scoliosis patients and 36 unaffected volunteers. Titanium concentrations were
measured using particle-induced X-ray emission. The mean serum and hair titanium concentrations were slightly
higher in patients than those in volunteers, although this difference was not statistically significant. The mean
concentrations of titanium elution due to implant wear during a mean of 41.3 months after surgery was extremely small.
Hair titanium concentrations were found to be increased early after surgery. These findings suggest that damage due to
implant wear and titanium debris from surgery resulted in increased hair titanium concentrations. However, the
fluctuation began to decrease more than 36 months after surgery. This decrease appears to be of the result of the

decreasing of micromotion during the union period.
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