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Study on Design of GMP Facility for Radio-pharmaceuticals Production
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Abstract

For production and research for practical use of radio-pharmaceuticals using for
medical treatment and diagnosis, the complex facility offer shield and clean environment
is basically required for protecting personnel from radiation, and protecting the product
from contamination. This facility should be designed to comply with GMP(Good
Manufacturing Practice). In this study, technical requirements and guide for hot cell and
clean room were investigated, and design concept and requirements of facility for
radio—-pharmaceuticals handling are suggested. And also, GMP facility for production of
Tc-99m generator and other radio-pharmaceuticals(Ho-166 etc.) was designed to comply

with this design concept and requirements.
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ML olebEE WA FH94E dojshg Awa = ARAZ ALy A5t AzHE
fFoRA thFF BAA oEFEC] A Az = MEEI Atk A AAALE ALH
A AFAE FA 5§ FHALEE g5 AGAEAE Te-99m(AA 5§ FIA9L
489 65-80% =}#), 1-131, 1-125, In-111, TI-201, F-18, Co-57, Ga-67/68 %°] ¢l 2n],
o8¢ ABARZAE I-131, Sr-89, Sm-153, P-32, Ho-166, Re-186/188, Bi-213, I-192,
Y-90, Dy-165, Er-169 5°] Slct. o] X ctdd 2l5d FTALEEE o) &3] AF A7 &
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e M o) fFe] S AA Folo wE AA FHRE A gFo] 4 FF o
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W B34S By 98 Au AdH kT AzAAe AZHE ookEo] AT AA
E 93 e 29 EXAZEE AYdoF sl MES BEF HSAFAF sl F A A A
FHE Adel 4392 Ak K TNEE AT BAYEL AFALE WAHNE 318
Astate Mol odF AXAAY HAee 4F d9HA A $(bacteria, viruses FHFAA
7t dUlE v FE URE FFFEE IVE AdEtd FEEE el weEbA BAA 9
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873 2499 s BAHI] AF B AE AT ALVER clean rooml A &73=
ARAE FAE A8 FHEG FGE FASF = AMT|E) AE AFEL Aok A
ol TIHHLE A st WA AL AR FAFAEE AGAS AF T 2
A7 E(clean class)Z A &3t A& F7)9 EF°] JHTAE 7IE AAE A9 A7 SEF
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star, A W H= QA Tl vl -20~-25 mmAge] FEE FAshe] A A AA
= HEFE F drk AW YeA FEHOE 2 AR AV BF ArdE Ve
2 A7t shed Hae] AdF F¢(-2~-3 mmAgE —r°16}°4 ARAEE FAE HEE
HEo2A AHAXAH clean room A FFFH e AAVES H2F &

2.3. HAA o kF A ZAA AA

WA odE 8 dREES AASFE Tc-99m generatord] IU $8F F937] %
AZAAGFE 100 Ci/batch)# Ho-166 52 AZ AFE A% 7| S F59A4EAT4E F
AK¥E QAL de R3] ste] & AADTFE FPPen, FUeA HFoR oA
AA T KGMPoA &3t A7 Eol F3F HAZES AEsdch. 53], Tc-99me] A5
FAARZ ALHBR o]d File AAE € FF £ FAHES AU

2.3.1. Tc-99m A=FA NI 2A
HA7LR] FWelA] AdFH Tc-99m AZFAME[9]E 7|FSR dry types WAL R

Bz D Aok FHFAH - Mo-99 £ AT 2 loading & - Generator £ % packing
FTALRE FEs Fig. 16 71" W43 Zo] AASr). o] F 7|22 & 5SS 1288
o] hot cell W 43} clean bench #Fger FE, Z FAgF9e 71& AAEE Fig. 29
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on, 713 FLE Ax 2 FARYAB)E FHLE FF & AEL WA s $F A2
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a8 AZAA W flow pathe ZF9A, $A4 B4, 43S 83 5, B94& 8344 &
= Ao B FFeE FEIH Fig. 49 2719 WHE3 o] AAFLEA o

T T AEF 2

Nl:i:l_l
\1

>

2&'*

frt
Mo



I 71E F714N 9 9 F71%Ss 83 FUHEA AR ER AAEE KAV I, 3
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oJokFE AEAAY HAAEE AQ-E F7 vHAVE AR = vFA 5o AP Ros G
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2 FARALY)L Class 10,0002 =371 3 27357 20~303]/Hr BE #2]5 o] oF

23+2°C, 5 50+5%F fr=lste]of g}

AAE FYE AT NG AAES 555 Il FAH AFY AAEI} FAHA G
AR F99] AS BARERAY YFFES BX7] A9F B X7 EFEe] At wEhA,
ul & < fAstE AS AAR AAFHAL.
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sle] 9) o] 2949 e] Clean Room&ZE F=+= AE ¥A87] Y8 %% Doordl Interlocks
st FAEE FAISE, AA 2 BAL J97|% Boe WM7FE 24 3 $4E AT EH
HAA FEY AR AA 2T 270 FAHES 9.

zZ+ A AAE 2 A 7|EX7 L Table 89 E7]€ &3 Zo] AAs o, AR F
215 $13t9 A 5S Fig. 50 E71" W§3 o] 74, AAs .
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Table 1. Zone classification in radioactive material handling facility.
74 F4949 AZF(mSv/hr) |[F71%F 34295 |3W SS9 5E| HIAZ
6000 v] A 9 -3 _ _ 5}
(White)| (a1 | =6:25¢10 H1AR
7000 | FA =49 -2 . . =
(Green) | (BAEAT) | = 1x10 < 1 "(MPC)air < 1 MPC 40X Z}/F
8000 | ¢ A4 . =
(Amben)| (21 }‘]_3:7‘(1_—',_ o) < 0.5 < 20(MPCQC)air < 10MPC A gHA) 7H
9000 | ¢ AT+Y . _
(Red) |(Hot Cell %) > 0.5 > 20(MPC)air > 10MPC
Table 2. Design basis for ventilation system in hot cell.
g 5 AA 7E 2] A
37 vy One-through 29 A vz
3] 34 20 3]/A17}F AR-eA
5 ¢e -25 mmAq 24dEA FE U
Filter bank +7]: HEPA, W 7]: HEPA ]l 7] = HEPA 2% A3
A&Es 5 m/sec Hot cell door 7§74




Table 3. Limits for microbiological contamination (average value).
air—sample settle plates contact plates glove print
Grade (et /mé’ (90mm dia.) (55mm dia.) (5 fingers)
) (cfu/4hr) (cfu/plate) (cfu/glove)
A 3 3 <3 <3
B 10 5 5 5
C 100 50 25 -
D 200 100 50 -
# cfu : colony-forming units

Table 4. Maximum permitted number of particles/m® equal to or above.

Grade at rest in operation
0.5 /m 5 um 0.5 /m 5 um
A 3500 0 3500 0
B 3500 0 350000 2000
C 350000 2000 3500000 20000
D 3500000 20000 not defined not defined
Table 5. Particle population limits vs size.
CLEAN PARTICLE POPULATION LIMITS vs SIZE
CLASS 0.1/m 0.2/m 0.3m 0.5/m Sum
SI | USA PER PRE PER PRE PER PRE PER PRE PER PRE
o m £t m £t m it m £t m' ft>
M2.5 10 12,000( 350 | 2,650 | 75.0 | 1,060 | 30.0 353 10 - -
M3 35,000 991 | 7,570 | 214 | 3,090 | 87.5 1,000 28.3 - -
M3.5 100 - - 26,500 | 750 ]10,600| 300 3,530 100 - -
M4 - - 75,700 | 2140 | 30,900 | 875 10,000 283 - -
M4.5 1.000 - - - - - - 35,300 1,000 | 247 | 7.0
M5 ’ - - - - - - 100,000 2,830 618 | 17.5
M5.5 | 10,00 - - - - - - 353,000 | 10,000 ] 2,470 | 70.0
M6 0 - - - - - - 1,000,000 | 28,300 | 6,180 | 175
M6.5 | 100,0 - - - - - - 3,530,000 (100,000(24,700| 700
M7 00 - - - - - - 110,000,000| 283,000161,800( 1,750




Table 6. Particle and bacteria population limits.

BIO v g oA Al o+
Clean Room [ ¢ 7 A GRS D 2 % %
(Class) g A/t Gh/e) | A/t Gl/e) | A/t Gl e)
100 >0.5 <100 (<3.5) <0.1 (0.0035) 1,200(12,900)
>0.5 <10,000 (<350)
10,000 <0.5 (9.9176) 6,000(64,600)
>5.0 <65 (£2.3)
>0.5 <100,000(<3,500)
100,000 <2.5 (0.0884) 30,00(323,000)
>0.5 <700 (<25)
Table 7. Clean zone classification in KGMP.
BAE Class | A% 94 Fzz7 g9% | 29 E
i
- RH#ZzAS 23+= |-Clean booth/bench - L R T
AA e ARA=E, (1B744 Ax])) =TS G 10 /A1 7
1A 100 ZA, 4 -2%, |-HEPA filter (® 9cm)
2 -2HE 3 42 :9F0.3m/sec | HF: 1/ m
-FZAAY FA - 49 :9%0.45m/sec|-F#EA
2EZ9d
-FdAAe] YA |-FFH3 clean room -FH QA5
o I ERg] o) -pre.+Med.+HEPA va}o:500 /A1 7+
293 A9 filter (® 9cm)
1B | 10,000 [-Fa&49 A4 -4 A7k 208 o) | F-{:207 m’
79elA 9 FujAd |-& - &FE A -R4E8A
( pass box) 935 - AA9
%25 w
—Zo}x Al -pre.+Med.+(HEPA) -Z|JAFF
-H| A A e ZA, | filter (B FYA A
F4, A4 A9 |-EAe] wAatA| A1)
2 100,000 -5 A A €] S AT % A7+ 103 o) | Tatat:2070 /A
£7] AHA -&Zlo] TS = (@ 9cm)
-HHA F BaL Ag: FHSFY ¥ BF-7:20070 /m
A ERA9A | FAAA -Ag8%
-FAE 12 279 |-Prefilter =749, FA
& AT A -9 - A9
—R kA Az . B3~ ulo)
3 B jj}l] #] 2] 7] 5 3]
H s
-l A
-RAS




Table 8. Design basis of clean class and differential pressure in facility for

Tc-99m generator production.

o
q 7R % A AR5 53| 0 | ana4
(mmAq)
A Ad D EHA 100,000 -3 10
-5
B Az 2 FARY 10,000 (~10)? 20
C Ad 2 FuA 100,000 -3 10
7§ o] A 10,000 +5 20
E o)Al 100,000 +3 10
_o5¥
Hot Cell No. Aol Ay == B4 10,000 (-99) 20
Hot Cell No. 99929 Conditioning 10,000 -25 20
Hot Cell N S W 2] 10,000 —-95% »
ot Ce 0. ks > 2l
i (100)" (-22)
Hot Cell No. =kl 10,000 =25 20
9mT ¢ ' 99Mo
rubber ﬁ | | I
| |
. le
ki
Chromatography [ﬁ packing | | |
| Mo loading
Solvent I
extraction alumina | ’ﬁ
I
Sublimation | Sealing |
| I | pH, volume,Mo
S T
Shielding
v
Generator Mo Activity

Fig. 1.

Process block diagram for Tc-99m generator production.
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Fig. 3. Room lay-out in facility for Tc-99m generator production.
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Fig. 4. Flow path in

facility for Tc-99m

generator

production.
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Fig. 5. Ventilation flow
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