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EHH [@i-lﬂ %%7}(@ l_ﬁ%@ﬁi&@ﬁ%

PE E—*  FLAKER*
MR R BR RE*
E&F FoFe*

[ TS ¢ .
ER &H*  RF XHB*

g Hel’O 27 —% v MRy 7 2ANTERT AEBEDOHEMEZRM L. 01% H: 8 N2 2%
B 1TTml 0¥ —4y bRy 7 A2 3.5 kglem? FHE L, 6.4 MeV OEBFTENM Ay FETRE L.
SR ENTZH ZAKD Ho150 12 He vy, 2.5 min TF 7 v 452 @BE PET ICHE L, B AHEK
10ml # ARFZALTIVCIHEL, ATV 7o v —2BLERKE L. #—4y v H A0 He BE
¥ 0.1~4.0% L% % % L NHa* JEIT 25~11,000pg/dl L ZfLL, 05% Bl kic 5Lt PIHBEL DS
BEELE 572D T,01% He 2 &t Ne H 2% ¥ —4 v b & L7z, HeP0 0EINRIL 7 mCijpA TZHh DK
10% DfkEtEEE F5o C19%0, C1302, NoB®0 2 s h i ic e ~kiJ 7z. Ha®0 % LA BMAMIKO(LE,
WML, AW ERETVY AL BT CREEFRICHAE 5. AR fE cieic PET ETHRETE,

BRI ERASMNEEREEEL 5.

L EC®»IC

A ey CT 2 VW ERENMLKRINE %,
[fe32-15] - —@fLiRFE S 2 (AT C¥02 L % 7)
Hifih Al & % Steady-State HEIZ THEFT L T & /2.
LA L, Steady-State {EiZiZkD X 5 HREENH
5.
1) 2% v R &I XN O B R BE 2%
FITET 2 E TR EEL, RERMBIEW.
2) CBO: fHARENA—ETH o T HLHIRE O MR
RIEDOEIZX Y, M~DASIREILL, Steady-
State Z R LEEWZ 23 5. 3) CBP02 KA~
27 DBV A, PRERIEIRS, SHESEFEEL,
K[EROWIEL L. 4 BMFRIC B 17 5 S/N
HoEThY, EROMEDER TN,

ThdORERRET S FEP—>2L LT,
[Bes-151- K (LAF Ho1%0 LBET) OFR—F 2
* FKE SRS £ v & — I RE
ZA 60411 A 13 A
Bt ft 61418 7H
RIRIEERA « KETHTEALREET 6-10 (B 010)

FRE B ST MM IR & v 7 — R E
N Ok E —

FEICX 2 ERMMLFERNES RS T
53,4).

bhvbhizZ OREEAT ) 72 D HaPO Rk
oW THRET L. Hel50 otk & L Tidatsk
06, ZRWRRE, MR X OEEE M LR
TWa. MRS HEE, CB0: LiERIER TR
k7S AR - S#T Ho%0 283 L 0T, fil
BT ESRe T Uy LB il L L, 1502 &
HeORIGIZ & b, Ho®O #{E5 HETH 39, —
¥, BRI He 258 Ne 7 2 2 EFTRE
L, #—%v bRy 7 2NTHEHEHPOLF¢ &
BT 5 HETHZD. S0, bhbhi, BVWE
S, Bt L SELREEEAHEL, B
BEREEIC X 2 A He0 0G0 F R &
Wz OS2 E R MR LckR, R
FIRCHE L FEERESL Lo THRET 5.

o. 5 &

$2ER ¢ Ho%0 HEEARREE OFEE 1T Harper 6 @
FEEBR LD, Thabb, ks (AR
$BPT, BC-168 &) X D KL 2 EEG F % He
4t No & 2 IS L, 4N (d, n) 150 DG
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LRIFFIZZ =%y bRy 7 2N T He1%0 % il
L, v V7 2&Lbic 10ml oAEHAEKE
BUORBICHELZ., B, #7—Fy bRy
NEEZ17TTml TH 5.

AR OWT TR oL 2R Lk,

) #EASL FOMBEORE . 27 vV RE,
HNE2mMmXEE 10m, 77 r %, AL 2 mm
XE & 30 m.

2) ¥x V7 H RFEHE: He 'z, 05~2.510
min.

3) BEHTE— L% 10~40 pA.

4) FREEERM © 2~10 min.

5) Z—Fyv FHAFEEES : 2.5~4.0kg/cm2.

6) BEzrrX—:37~64MeV. #—4 vy
FRY ZZADTNI =T ALAT A+ ANDES L FEA
Bl S EBEOHAEIZX 5.

7 =4y T AP D He BE . 0.1~4.0%.
(F ABHEE : 0.19% He 1% 0.103% Hz #5¢r N2 &
IS L 0.5%~3% He 1% 4.09% He # &
e vy L 99.9998% Ne # > 7 &5 LIE /) &
IZX VFHRL).

U EDZFBETOERIZOWTFROMTELT
-7z,

1) RREENE  BEShicxa—y —x—
# (Capintec, CRC-10BC) iz THIE L 7=.

2)  HURHEEEMEERIE ¢ Nal (T]) 2 v =2 # v,
BB oM (CANBERRA, Series 30) # fivy, rifg
A7 he 2 bY—, EEHREIC X o7k,

3) fLFEMERNE : x5 7 43
(B, GCYA) Ik »7-. pHiZ pH # — # —
(3, M-8s) ICX WVIEL, ZDENEAL L F7
= —VHEEEIc X ) NHet EEZER L Ft
¥ v b BME - HEHEE, WG B, Model
100-60).

4)  AEYFRRERIE | He0 2 & AR
Ke 2T 7 40— (60.22 pm) FiHiE X
®RBIITo%. N2 F Y TRARRIA 7 v
7 # (Johnston Laboratories Inc. #!, BACTEC
Model 301B) iz & v, EBMEHERRIZY L5 =
F2N (Vv 7ey b)) X ot

23 % 4 5 (1986)

L. &% ®2

A, RLUEEROERARE

1) Hol50 # 2k A 7 OB

Ho150 [EUR 3 24 7°~ D Hel%0 Ik 55 i
K& EASND LEX LS. Fig 1 IR+
L 2AF Vv AFRMEH LIZEAICIE, He®0 [[]
A e <, BEERIE (run number) % Hi /5
T iz, HoP®O [EIRFEXEKT L. —FH, 77»
VAR FOREE, REBIFEHBITL 2D
59, EURE, HEMELLICERTHE.

2) X% Y7 HRFHE (Fig. 2)
bhbh2skE Lz 0.5~2.5 I/min o i
TiX, WESHEVIT Y, He50 EIREEINL 7.
3) HBFFFE— sk (Fig 3)

REE— 2B ORI E & i HePO [EIR I,

mcCi

Yield

3
0 = 4 5 min
time

Fig. 1 Effects of tubing materials on the time courses
of H2150 recovery. The solid lines and dotted
lines represent the H2150 recovered via stainless
steel and teflon tubing, respectively. H»!50
production was carried out sequentially from
run number 1 to 6 which were shown at the each
line-end. The irradiation conditions at each
run number (1-6) were constant. The carrier
gas (He) flow rate was 1 //min, and 3.5 kg/cm?
of target (0.19% Hz in N2) was irradiated by
10 ¢A of 6.4 MeV deuterons for 4 min.
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2.5 I/min

Yield
N
o

1 I/min

0.5 I/min
W
o I 1
0 2 4 6 8

time min
Fig. 2 Effect of carrier gas flow rate on the time course
of H2!50 recovery. 3.5 kg/cm? target (0.1% H2
in Ng2) was irradiated by 10 #A of 6.4 MeV

deuterons for 4 min.
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2

o -

— (@]
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- \ Pl Lk
4,
/ » 200

0 ‘ — . 0
0 10 20 30 40 A

Beam intensity

Fig. 3 Effects of beam intensity on H2!%0 yield and
NH* concentration. 3.5 kg/cm? of target (4%
H: in N2) was irradiated by 6.4 MeV deuterons
for 4 min. The yield represents the time-
corrected value at the end of irradiation.
NH,t concentration means the case of 10 m/
saline trap.

EIE AN L, NHa* JBES I 20 A 288 %
Te BRI L.

4) RHEEHE (Fig. 4)
REERIRE < £ 5 1ok, He50 [EILE Y
ML, 6452BE3L, BEEWREIEL

NH,
w
>\
Yield

5 g

m:L

° {100
— x ~
210 a——————A X
+ o—:><./—o o

450 >
5
0 ) A

0 2, 4 6 10 min

Irradiation time

Fig. 4 Effects of irradiation time on H2!%0 yield and
NH4* concentration. 3.5 kg/cm2 of target
(4% Hz in Np) was irradiated by 10 pA of
6.4 MeV deuterons. The yield represents the
time-corrected values at the end of irradiations.
NH4* concentration means the case of 10 m/
saline trap.

3 _
8]
2 E
> {100
L]
20

!.
y
N

+

NH,
Yield

~
/ {50

0 Y . L N 0
0 2 3 4 kg /sz
Target gas pressure

Fig. 5 Effects of target gas pressure on H21%0 yield
and NHg* concentration. Target (4% Hz in N2)
that had various initial pressure was irradiated
by 10 #A of 6.4 MeV deuterons for 4 min. The
yield represents the time-corrected value at the
end of irradiation. NH4* concentration means
the case of 10 m/ saline trap.

7z. NHa* OREX BEtRHoREIZ L YL
otz
5) #—%v bHAFIEES (Fig. 5)
FIHFEHRES1Z, He'%0 BEINEICK & R8s
Exhholk., LELAENE, EA0ERIZoh,

Presented by Medical*Online



354 mE %

o
-~
o —
=1 Q
© A &
,: x A/ 4 60 —~
AT !
.
+ = ° o kel
z — {40 2
=
5 s
/‘ |
0 1[[; A i N " 0
03 L} 5 6 7 MeVv

Deuteron beam energy

Fig. 6 Effects of beam energy on H2!%0 yield and
NH4t concentration. 3.5 kg/cm? of target (4%
H: in N32) was irradiated by 10 #A of deuterons
that had various energy for 4 min. The yield
represents the time-corrected value at the end
of irradiation. NHs* concentration means the
case of 10 m/ saline trap.

10F )
A A A |o
= =
=°r .
T A A A 10
o 8fr o [ 0
103 =
7 o + >
= X
. 402 2
° [ ]
<10
L 1 1 1 1
0 1 2 3 4 (%)
$ H2in N2

Fig. 7 Effects of Hz amount on pH and NH4* con-
centration. 3.5 kg/cm2? of target that had
various Hz concentrations in Nz was irradiated
by 15 #A of 6.4 MeV deuterons for 5 min.

NH* R X, FEHicHmL .

6) ME=x1X— (Fig. 6)

Btz 2 v ¥ —2E L r3icoh, He®0 [EIY
BIEHICHEM L, LaLans, NHot EBE
i, BRI AX—ICE3EERDELL bTNIC
W3 s @RI E 5 .

D EnEMRiticr Yy, BELERASATY
% 4% He 280 No ¥ 2 2 i EiEfEEI

23 % 4 £ (1986)

G
£
® o o ® ° °
» 100
o
L
kel
v
0 L= " : N .
0 1 2 3 L.

$ Hz in N2
Fig. 8 Effects of Ha amount on H2!50 yield. 3.5 kg/
cm? of target that had various Hz: concentra-
tions in N2 was irradiated by 15 ¢A of 6.4 MeV
deuterons for 5 min. EOS means the end of
synthesis.

XV AR E hiz Hol50 ki, £&», NHg*
¥ 8%, EZzhiCERT3LEx 505 pH E
AobsZ LXHERIN.

B. 8—4vw FHRBD He BEE

P EnERR X b NHe BE IR LK E SBET
BEFE, F—Fy v 2HOH BETHBZ L
WRIREN DT, #—4 vy D He JBE L
H250 m[EINE, 3 X0° NHs*, pH BEEFizoW
THH L., #oE, Fig. 715+ X 51 He
MBEE ORINIZ & b 7V pH, NHa* JEEE 2 N+ %
Z L xWH . —F, Fig. 8izx+ Xk 5 iz, Ha150
ENR &L, He JREE 0.1 ~4.0% OfEfH TIAE X
EREIHLhALo. UEOERIVZ—Fy
FH 2O He IBEZRT 22 & T, NHy* EBE
ERMOL, »ot+on HeSOEIRE 2 B 52 L
NEJRETH B LB L7z,

C. BERFIAZBAL L-Emae
REEORBRAE L LI, BREAZBEMN L
L7z, EiEEIZ L 32 HoSORE7 e —F ¥
5 n% Fig. 91z, BES&ME% Table 1 Iz, F7-,
P Ha!%0 EINE % Fig. 10103 L. BT
E— 2R L Ho®0 BIREMICIEREKRES Y,
TmCi/pA OREFF Ha%0 #7185 = L ASF[RETH
-7z,

/oA He50 0FERI L LT 05347
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M.F.
Deuteron Target
_—
—_— | 1 18 Dd—F.cC.
N(d,n) %0 F.C|
waste
F.C. ;Flow controller X ; Solenoid valve saline

P.G.;Pressure gauge

M.F.;Membrane Filter

All transporting line; Teflon I.D. 2 mm about 30 m
Fig. 9 H2!%0 labelled saline producing system.

Table 1 Direct H21%0 synthesis for clinical use

Table 2 Analysis of Hz!50 saline for injection

: 6.4 MeV on target
- 0.1% Hz in N2
2.5-4.0 kg/cm?
2-10 min
He, 2.5 //min

Deuteron

Target

Initial pressure
Irradiation time
Recovery flow rate

H:!%0 trap 5-10 m//saline
(mcCi)
°
300 f
n
o
=)
2 200p
2
>
100 b
L)
0 i R . .
0 10 20 30 40

) (uA)
Beam Intensity

Fig. 10 Relation between mean intensity and Hz!50
yield. 3.5 kg/cm? of target (0.1%; Hz in N2) was
irradiated by 6.4 MeV deuterons for 5 min.
EOS means the end of synthesis.

Yield : 7 mCi/gA

Radiochemical purity : 99.9%<

Chemical purity NH4*....24.9412.8 pg/dl
(1.2-50.0, n=23)

pH ....7.1840.27
(6.66-7.51, n=24)
Pyrogen Limulus test ....free
Bacteria Bactec® test ....free

HB% Fig. 11, Table 2 ic5k Lz, SUAF R ®m

= 574 TR, B——2&FL, r#Bzx
7 M iCTiX, S11 KeVPstov©— 2713805k

o Tz (Fig. 11A). E 72 RERER L v Kk »

7oA 2.05 4> Tdh o 7= (Fig. 11B). (k284 B2
B X OEMFHMEOREIZL Y, pH i 7.1840.27,
NH4* i3 24.94+12.8 pg/dl & & b ILHERE O fE i

WL, BBMEWE, A7 7Y TREARBRRIWTH
Lt L WO R T, BKERBENEHRE T 5H
28 5 h 7z (Table 2). —75, Hal50 [EEE iz A7
REKICHES TN 24 72T T 55K
S 2RI H Y, FOSWREL Fig. 12 iz
AL RS T, b¥EREF 27~

N7 T 4 TR LR, COs CO, N2O &

Rl R 2R L7z,
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A B
o
o
> >
i e
> Q
2 o
9 .2
ke B
o s
©
= | - .
" Ilnllu A Ke) 1 1 o
0 1 2 3 0 10 20 30
time (min) time (min)
column; Porapak Q 50-80 mesh, T Y% = 2.05 min

3 mm ID x 2100 mm
col. temp.; 100°C
flow rate; He 25 ml/min

y-ray spectrum; 511 KeV

Fig. 11 Radiochemical analyses of H2!50 saline.

A
Cwa
>
=
>
S
®
= cl%
T
© N, '°0
1] A l A -
0 1 2 3
time (min)
column; Porapak Q 50-80 mesh

3 mm ID x 2100 mm
col. temp.; 70°C
flow rate; He 25 ml/min

co

radioactivity

2 2 i

0 1 2 3 4 5 6
time (min)

column; Molecular sieve 5A
60-80 mesh
3 mm ID x 2100 mm
col. temp.; 70°C
flow rate; He 25 ml/min

Fig. 12 Radio-gaschromatography of waste gas.

v. £ &

R bry CT 2k 3 FFKMFEEREIZS W
T, $E3kd C150; # = IT X % Steady-State 12 75
W E ¥ - 72 Hal%0 K — 5 2 #HEEE3Y OEEER
FIAZAEIc T Bz L2 A E LT, H50 R
EERE L. 20, €427, fiffiy 274
ThY, 150 OXFHN 122 LENDTKRY b

vy CTENTRYHES L) ICHFHBEREL .

Ptk o Hal50 Mt 0 — o T d 2 o, He
2V IRBRIFEEL, K ey CTENTE
RT3y, EREOMES, BIEM, Tetok

THEEDR D B, —F, RBEISED e %
ThdH, bhbhIfTo +EEOTFHHERT
13 C1P0:2 Jf 4RI P ICEE S TFEL R WR Y+ &
D Hal50 B B h s hote. 22T He 280
Ne 37 —Fv hFRELEEEENRELERLT
W3 EEx, TOMESRMER L EFMICRT L.
22—y bRy 72 ANTAERE T HPO 45T 1%
kS TREEICAE LS, BB o1
ZTERWEARRA CRNERREEERS LI
H2150 IR L. —F, F7r @l g
FEFALIF Y VT ROFEHEEM T LT,
EHRIWR L. 77 n VT EE RI oftic
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FRLEHE, HlbTszelabhTsY, &
BRI L TR RE LD LEX LN, AHA
HAKICHERO X v ) 7 5 2 OFE I H 25
ERFMVELC, MBEEFE~OABFR LD RN EEX
BB N, ZhyETE S L AFEAEAIPED 2
T 2B b3 572, 2.5]min & Liz.
FORER, kD 4.0% He 258 Ne H 2 2 FV
HEEEEIZE VRO HB0 2185 = L A3AfRE
Tholze. TZTEHTREZ LIF, H%0 25
AEFAHIKICT SR OIERGFHE NHet 235 £ h,
PH L B ICHEE R T Z N LIZ L TH
5. B, fEEH WA THYZ O NHt 0
ERRE+HICEz2 N, BRFVEZESTZLOLE
ZHh 5. MR35 NHet o838 o
MTE VA, IEH MK #EE D7 1,000 % { D
FREOE ZHET A ICEMERH B Wb &5
ER V. 22 TNHe A BEICOW TR~ iR
At & Lo, He10 EE % H>-> NHat &
WTFsicz, #—Fy 20 He BRI S
HONERETHBEEZORK. EE—2RK
DOEINIZ X - T 4 NHat 2384 Lz hs 2 oF i
THTHB., #—4 v b HAHPO He E %2 E1b
S, Ho'®O [miuf, NHa* B, pH #fREfL,
05% AT o He iIBARTH 5 R D, t MiLHPIE
w4k (20~80 pg/dN)'V i NHa* JREEZINA D Z &
DARE L Tg o 7. ARRRE O BY, NHa* 2 B2 gh 4
(Fig. 7) "y 7’4 FREELTWERZ R E
BREZB N TENEETHEREL L TWZ &2
BHER S, ZhEFRAEICE Y 40% H
BRAROHE TH 11,000 pg/dl LHERERTWS.
PAEDFRENS 01 He e Ne HRE2Z—4
v M RCHWTERKRFAZ B & LS
# 72w (Fig. 9, Table 1), 438 o 44 Ha150 23
HBEohi., ¥R EICIDZF =y bRy 7 20
S0 EILH 2 H T X C30s>C50>N3150 L fE
bh s H 2N Hel%0 BURE DT 109 FEh T
7o 3 C1302, C130 (I YEMREENMI L, P 2.5 //min
DRI T IHERTICFBEA LTV, ik
EFREE DV Nal50 4, Hel50 %8 feA Ak
DITFHTRrzw= 7T 7 4 TRREARFRET

Y, BEEAEMCHEERD S L3EX LR
note. bhbh R LBEEMLET TOHEEEE
Iz & % Ha150 B3 7 mCi/pA & BIF T, K
b5, (b2, EERRE L bBKEHBRETE S
L OB ST (Table 2). “h SEKHERE Lz
FERIT20[EI LA LMD IR LIT o 7223, FEME BT
ThHY, TORTHEKABEEREIZVWEEX
bhn. BE HEFLEABIVORILE TF 4
AR=FINF2a—TEHCELT 2 %E%R
FhThd. AEIEREDOH S B B (mCi/ml)
EEATEOMEERRED, —E, BERNEZHE
fbc&sLiiFshs.

V. #& E ]

PN BFTbI TS 40% He 2812 N2 5 %
2k ZEEEREEX, £EONHS 282 LAS
HEH L. 014 He 2B Ne H2%Z—4 v b
& Lz He%0 A3, fiiffs v 27 4 T,
Lirb RS hry CTETREIMHEL, b
EERBIECFEHAIETH 5. 56 ERF+H
o pH, NH¢* JBEE I+ c{&<mxdh, Va7
ATFAN, RNy Fv TR MIBET, B
FERED IR, B M EE 99.9% LA E LK
SHERAFIE LT oL E+HAMI LT 5.
H21%0 [E)ZE (7 mCi/pA) ZERREER 0% TIE £
WYHESZ L2EETDILHORELELS.

Gi#r) AMRICHIVEERIHEEZBDI ELE
FIKREFA 70 bnrIVFTAY b= ¥ -3
FEEHERICECHEERLET.
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Summary

Studies on the Direct Synthesis of [0-15]-H,0

Eiichi HAGcaMmi, Matsutaro MURAKAMI, Kazuhiro TAKAHASHI, Iwao KANNO,
Yasuo Aizawa, Takenori HACHIYA, Yasuaki SHOJI, Fumio SHISHIDO
and Kazuo UEMURA

Department of Radiology and Nuclear Medicine, Research Institute for Brain and Blood Vessels,
6-10, Senshu-Kubota-machi, Akita-city, Akita 010, Japan

A direct [0-15]-H20 synthesis method and its
critical point of non-radioactive NH4* contamina-
tion were described. The 6.4 MeV deuterons were
irradiated into the target chamber of 177 ml, filled
up with 3.5 kg/cm? of 0.19 Hz in Na. [0-15]-H20
vapor was transported to PET room by He flow of
2.5 l/min through the teflon® tubing of 2 mm in in-
ternal diameter and of 30 m in length. [0-15]-H20
was trapped in the vial containing 10 m/ of saline
and passed through Millipore® filter. In this condi-
tion, the small amount of non-radioactive NH4*
(24.94+12.8 (1 SD) pg/dl, n=23) was detected. This
NH4* concentration varied from 25 to 11,000 pg/d!/
with changing Hz amount in the target from 0.1
to 4.09%,. The NH4* concentration was kept lower

than a normal range of the healthy human blood
with 0.59% or less Hz in N3 in the target. Therefore,
0.19%; of Hz was used in clinical use. By the present
method, a yield of approximately 7 mCi/yA of
[O-15]-H20 saline was obtained. About 109 of
radioactive gases, corresponding to C'50, C150:
and N2%0, were detected in the waste gas. The
radiochemical and radionuclidic impurity was not
detected in the saline. The biological tests for
bacteria and pyrogen were all passed. In conclu-
sion, the direct synthesis method provides [O-15]-
H:20 saline in the PET room with the simple
handling and is convenient for the clinical use.

Key words: [O-15]-H20, In target box synthe-
sis, NHs*, H2 concentration, CBF.
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