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Comparison of Physical Properties by Different Drying Mechanisms in Continuous
Granulation

Hidemasa NAGAIL Tomomi MIYAMOTO, Isao MYOKAN,
The Drug Formulation Study Group in Toyama Pharmaceutical Research Association
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Summary

Continuous manufacturing is a method of continuously producing without a break between the
processes, unlike batch manufacturing, and is being introduced around the world. The continuous
granulation system installed in our institute uses a twin-screw type granulation and an spiral
drying system, which is a different granulation mechanism from the fluidized-bed granulation
method that is commonly used in conventional batch manufacturing. In order to master
formulation development methods for continuous production and quality control methods using
Process Analytical Technology (PAT) in the future, it is necessary to recognize the differences
between granulation / drying methods used in continuous manufacturing and conventional
methods, and to clarify formulation characteristics and parameters characteristic of continuous
production.

In the present study, granulation was performed using a twin-screw in a laboratory-scale
continuous granulator to compare the characteristics of granules and tablets in two different
drying methods. The results showed that the percentage of coarse granules decreased in spiral
drying compared to fluidized-bed drying due to the crushing action during drying step, and that
the correlation between compaction pressure and disintegration time differed between spiral
and fluidized-bed drying. It was also confirmed that the effect of the difference in twin-screw
rotation speed during granulation on granule and tablet properties was smaller than that of water
addition.

F—T—F A 2R 2 ) a— 5 SRR SERIME  RREZIR Rl E g
Key words : Continuous manufacturing ; Twin-screw ; Granule properties ; Tablet properties ;
Spiral drying ; fluidized-bed drying
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e LB BE LRI TR L R R /8T A — & — 2 B B 2
T 52 LDREHOMEIEFENDORBITICNEE L 2 5.

Wb ¥y — (CHBEA U oy ks el e 2 i g,
Be B VAR A8 (2B A 2 ) 2 —1C X Ak &

RULHZME) RBRHLTBY, 455450 % v i)
3 7 u AN T4 (PAT) ZHw-mEE
HpoBREZHIELTWS., ThITl, XV
WCEBRFNG A= —DEBRIKT L L L LI,
Ny FRIEREE L OBRIEDO K 21T - 722 L 2 it
HLTWEY, SN ER G E GUER) o
2HHR 7 ) 2 —F HWTER AT, SO & B
JE IR X B PR B X OSERIMPEIC S 2 B B &
ZHE 24T 72,

KB E

1. ®RE&
1) SERFZ A

b) HETREIEGER = —7 4~ VIR

mq%(7m4yhé%w)

FD-MP-01D (v L > 2)

2) REPBLOFTEER

a) A AR R A

b) v —% U —XITHE

Nall

TCV-5 (R TAERT)

VELA5 (R&5/KRAERT)

3) WV e s

a) L — IR T

b) H I BARER

SALD-2300 ((bR B3R ERT)

c) BEAIREEERT

ﬁ;
-

PC-30 ([ HIRS T.060)




2. EFINVAE (7 b7/ T I 260%5075H)
BLUOETKE

(BT VL)
TEMTI) 7y (B, SNVREER) 60%
FUBEKFI% (200M, DFE Pharma) 21%
FrERIYTF YTy (HEBILER) 9%
BB Fosy7ayhevn-4 (LR, ERLETER) 10%
bkoFy7aehbivn-2 (HPCSSL, HAEER) AHiasin3.5%
G T k)

I TR EI G20, 25, 30%D 3 5:fk& L7:

3. EBEFIE
1) fiti# - BE
BTNV Akgx R L, FHE vioxd T
DLV O—R, TI—YRAY—F, KEHEEL R
X Fukia—, KON THE 5
A\ (300 mm, HBI&500um) % HWCHiiBEL
7o, WIACH#E L2 BB 2 A (TCV-5, HAMM
) (AR, 30 MREG 21T 7212, Remar H
B & 1,000 umfifi & H \V C R EER#E 2 17V, s R
e L7,

2) TERBEME BRI (C X B ik g
fii 2 i 2 SR L LA L, LT o5
TR EITo 7. T2, BRI HBX1,000umd
SHWTHIEL, FRAHE L7
ARG B ¢ 2kg/hr (33 g/min), 28l A 7
Y 2 —mgEg 0 50, 100, 150, 200 rpm,
A T EE (34 %) 7ml/min, 8 ml/min,
10 ml/min  (MIZK#I420%, 25%, 30%)
YT v IR RIS o (9165 ),
BI04 (#9330 g),
FMETEHOY) D B Z R : 5 4

3) Hol
O ILHZ I © BRI IR RS E O /IR L = v b
ZHCTUT O Ttz 17- 72,
JiE 0 11 m /min, #ASUREE @ 120C (FFAURE
70-80C)
@iiE v EERmE G ER 2 — T 1~ 7 EE
T T O Tz T o 72
flaAHo 330 g, JAE : 075 m /min, 5 &
£ 80T,
T T ANE BETA4IVEY, kL LED :
02MPa, #\\Wi%& LEFHE04 sec,
PWTEE LA V7 —N)b: dsec, HRMEERSE R
A EA0°C 22y

O, @FNZNIZBIT B kO SR 3R
ZWE L7k, B (6300 mm, HPBZ1,000
um) (ZCHEE L, BRA L L T2, iz
XK EE (MX50, Wo—- 7> F-5F14) %
MW TRGROWEET-> 72 GRESM 1 105T,
<0.05%/min) .

4) R VEREA
I mmfifi bandi, 2 SWE, LEMA, Pk
BEEWES S L LS ICETHMSE (SEM) Wi{g%z
i APy

5) FIeFEER
OFrgeL); Se#l 1 §edh720)
TEMT 372 v60%0 7 Bk
ATFT) VBRI AT TN

345 mg/tab ( 99%)
35 mg/tab ( 1%)

&

3485 mg/tab (100%)
@788

TERL & FTEEL T O ) 100 g FFm L, K
LIZT3HHRAE L ki, u—4%1) —378¢
BEHOTUTOLEN T SEEEZ1T- 72,

SEAIE o 10mm, AFFI3 A, 18¢ 3485 mg,
S50 NFEEE, FTH @ 5kN, 10 kN, 15 kN® 3
S, [l % EgE 10 rpm, A —F > 74— K
va—fiH

6) FIEEMVERT
FERIERERT 2 IV CTHEEEZ WE S 5 & & IR
e 2 O TR 2 0 E L7z,

SRERIER

1. [REZREETREBIZIEDEWNIC K FERMHEDLE

B

LR L AT AR N R Y AL R n el ol B o S
B TR ISR T, 1 mmfii B EED
EIEDBEE WML, ToRIMAKEGEHEL
(Fig. 1). TPk IO WTD, MEIETE
TIXAIRFZEE X D3I, ks G & BT 2R
Bohi. PEBEIZOWTIIRIEZED )i i B e
BRI AR THESEBICKRE LS oz, BREMIZONV
TIXR I & B TR E R B (LIERBO b Nk
Mol Tl PEBELEEMITEDITIKEEGD
BN X - TR L7z,



1ImmEFLREE (%) HhIEE (gemd)

(n=1) (n=4)

30

25%  30%
WTFknE

B BRaEE
TPRFE (um)

(n=4) (n=3)
48 400

46 43.8

BilEg B o bl lEdb L
25% 30% 20% 25% 30%
HTkSE HTKGE

Fig. 1

ZREBOZEVC LSRR MMEDOLLE (R51) 2—100 romZEfF)

TimEekE
AKEI&25%

mEBER

mASIAS Y

! | ,_' A
R

INAEIE 300

Fig. 2 RBRHEBOEVICKIZFRMIROLLE (R51) 250 romSf)

72, MR OEFBEBES (SEM) Bi{R % Hkg L,
W U725, KRB E BN - TRFEPR &
7 DA ASFED SN2 A3, HEIEBERE DaIZ X B KL
FHARNDENZED SNz o7z (Fig. 2).

2. [UREBRERBBELZBEDEVICEZEAMMEDLL
®
PR ZFGELCTR T I/ 7 vgge L, &EHO
Wtk z i L7z, 7ok, BRAOBAEOR, S5
TETLHILICXY, KB L BB BV
THRAKDER—BT 2 L) @R L7z, TRk
W ORI T b FTHEE & SeAIEL & ORI

BHE BV ITRRO S e h o 72 (Fig. 3).

—J5, SER O PR 2 W08 L7z R, SRR T
EFTEEE OHEMNI A, By EERE DS IE T 5 K5 R D3
572 AS,  TEEDE LR T ¥ A R I 2SR T S
WRE o7z, ZORBEIT A7) 2 —MEEE150, 200
rpm®D 5, MIZKEIE20, 25, 30% DV DM
BT ko258 b7z (Fig. 4).
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o SRER 00 HEEEC 1R
=150 rpm, 20% =4=150 rpm, 20%
150 rpm, 25%
80 ~B=150 rpm. 80 == 150 rpm, 25%
4150 rpm, 30%
70 70 =150 rpm, 30%
2 =4=200 rpm, 20% . =4=200 rpm, 20%
Z 60 ~#-2001pm, 25% | 2, 60
i =~ 4200 rpm, 25%
B 50 =—200 rpm, 30% % 50 —8-200 rpm, 30%
% 40 E 40
30 30
20 20
10 10
(n=20) (n=20)
0 0
5 10 15 5 10 15
$TERE (kN) $T8E[E (kN)
Fig. 3 BZEHEEBOEWVIC K2 EFIEEDLLE
125 125
KRR =150 1pm, 20% B BE =150 tpm, 20%
115 =150 rpm, 25% 115 —&=150 rpm, 25%
105 =&=150 rpm, 30% 105 =150 rpm, 30%
05 =200 rpm, 20% o5 =200 rpm, 20%
3 8-200 1pm. 25% | Q —A=200 rpm, 25%
17] 85 0 172}
< 4200 rpm, 30% |2 85 ~8-200 rpm, 30%
= = =
%75 # 75
]
'’ 65 1B 65
55 55
45 45
35 35
(n=16) (n=6)
25 25
5 10 15 5 10 15
¥THEE (kN) FTHRIE (kN)

Fig. 4 FZIRMEEDIE T KX 5 SR FRIRIFRE D LLEL

AZMEHEL, REHEZOEELZKLZ L2 HE
L C e A A & o 22 A B S B A MGt &
L TwW5a3, A, kA ik o i IR &
T BRI & BB RO W, ZofE%x
W 2572012, 28 A2 ) 2 — Tk L2z —a )y
FEMB L OB R TEN IR L, BB X
OSBRI Wtk % MR 3 % EER 2 1T - 72

ZFORER, SRR T B R e TR,
DEETWA L, PR TR L7z, K[k T
EREOSIE TR 2 MM S8 5 2 212 & 0 AN
Lhs, ZOBSOBMAERIC X o THARK AT % &
EZONE, ok, —Miy 7 Ee bR R R g
KB DN TVE I 0D, MK OREIZD
TweEZobh.

T/, SEHlOWME LI U740, M IC ARG

A

DONLEHol2b DD, HEREETIZFTIE & OMHBIA
St EMENEHZ IR TR R o Tz FERIZAHTH 5
A%, VBN TR W T §E L 72 EE O R
AT R ARG L, B R OB RDHEFF ST
Wb Z LR S T

B, FRIIGEE L TW2Rwgs, kiR o 2 il 2
7 ) 2 — g 2 22 & & CTHRLE X USRI e % T
B L 7oA R, WSRO E NI X 2 Bk X ORI

PENOFZEIMAKE G LB LTINS W & AR
SNz, 28R ) 2 — |2 X AR TIE, R

Vo2 —HERE L D S IAKE S O WIS 2 % 5
BIREWEEZOND., 5%IE 70X AN L4
(PAT) % v 7=V GFA %> 45 B s O R 52 07 124
DVTHREZIT> TV FETH S,
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MNTATBGE N RS o R R RS e A bR fg ST o 2
WEEAMWG, HARIZ BT % #6525 pE O 58 15 ),
BLHN BRI P AT 52 2% 88, httpsy//www.pmda.go.jp/
files/000239490.pdf (2021)

PRERIESE, Lk 2 E Granuformer & 2 7272
EAPENTR T I ML A, BB ME AN A5,
27, 2,136-141 (2018)

KAFE S, Motk Ny 7Rk e o
TR VEO L, AF 2 4B E ISR FHR G gE
PZEt > & —4EH, 48, 37-42 (2020)



N FEZEROME R S ELIM LR
NS BT, IR e, AR R, B 3, EREUIRIEMITS
Characterization and similarity comparison of biopharmaceuticals

Rieko KOJIMA, Hideo OGISO, Hiroe HONDA, Tomomi MIYAMOTO,
The Biological Analysis Group in Toyama Pharmaceutical Research Association

WAEDNA FEERB X UNA ¥ 37 —REOERILZ 2, EHFREMAEREL Yy —Ti)d
IhETIHkr o~ 777 - RATREH AR AT E (LC-TOF/MS) 2 H\ 72 HUAREE 3 i
a B ET R OMGT 217, 70 b a v ofEl e K2R L T 720 SEEIE, KEES
A RIZBCT, FXET Y —HQKE 2 AW 7oHUR OGBS &, N FERERE LT
G-CSFHA 2 Tt R & L 7z EAFENT 2 17 o 72O THUE 5. G-CSFRA O Tid, 4 A
ESE. L C & 72T TEED TR O A A RIEMBH Z AR E LT ICBCTHAMTH S 2 L2
AT, BEMENAF Y IT-ORTRHOVEDEZ MRS S 2 LR TE L. RiFEohTRLNZ
PR EIRRR AL, BN L S IR PFOTHRITEH L Tw & 2w,

Summary

In response to the development of biopharmaceuticals and bosimilars, we have established
the analytical methods of antibody drugs using a liquid chromatograph time-of-flight mass
spectrometer (LC-TOF/MS), and published protocols. Here we analyzed the glycosylation
profile of antibodies using capillary electrophoresis and performed characteristics analysis of
G-CSF formulations using LC-TOF/MS in the activities of Biological Analysis Group in Toyama
Pharmaceutical Research Association. In the analysis of G-CSF formulations, we confirmed high
similarity between the original drug and the biosimilars in each method. We aim to support
companies and universities in Toyama Prefecture using technical knowledge and experience

gained in this research in the future.

]

il

AR AL CHUREESE G 7 &85 A F RIS OB 72 B
FEHREAIES T, BINENOBEREIZBWTHN
A FEFEMB LONA FtEkem N4+ 3I5—) 28
BREEIN T ZEPFE R TS, N1 F RSN
VIBESHAS A 7 SRS ) AR o 2 &
M5, SEFAMREFICBW TR ER S XD b
% 1 CTHME 2 ol BRI AT 2SR D b .

BRSO v ¥ —Tl, THF Tk
o~ b7 77 - RATRE BBV = AT % (LC-TOF/
MS) % F 72 PuAR BE 38 i o S PR AT 1 D a2
v, 7a b a Vol AREZEBLTE 2. 4H
QAR A TIX, 20 [HURESE S o SV %
Mrik] #RANREAELIAFTLIIEEZHNE LT,
NISTmAb (& / 7 a—F VHifkoE# F RM8671)
IENTAR & L7 & b L —= v 7R THE
L7z SHEEOAYIHATIE, 1. ¥y E5 ) —EAK
B % H W 7-NISTmAbi# BiEBESRIEAT, 2. G-CSFEHA
AT OMET B L OV ME N T I T -0
PIPEIIR 2 i L 7O CTHET 5. 2 R OIS

Zal LT, N A A PR 3Eah O b BURFPEIRAT IS 2w TR
LRRBREROD LN TEIEHERD.

HERUHER

1. Fv S —FXKE%ZALVENISTmADb:ZE &
YESHARAR

FESHMG X Y N2 OB iGER @ EIC

DB, T YUK R 3 5 O 8E S5 il IZADCC

(Antibody-Dependent Cellular Cytotoxicity : ¥t
AR E R I B 22) 157 B £ O°'CDC (Complement
Dependent Cytotoxicity : flifAMKA-EMI LR ) 35
B EGZH5ZENPALNT VS0, FEHBNTIX
EELWMEFMEE L LHEfTFSENRTYS (1,
2).

PESHIAT I B O F LD D 505, e bl $H g AT
X, 7)) ay sy —BRELALFER R HEICE D oo
7 H O S 7R 2 B E 7213 R IR e A AR
L, BHOMBERLHG LW T2FHETHD, HHEH
DAY—VEZ T 5720 CEHTH A, BEFHO
WKikF v ¥o ) —EXiKE (CE) RHPLCHYH WS



N, &Y —27 0% 8ot EmarEE (MS)
WX DN A, ARWFFETIINISTmAD % fE#HT 0 4 &
L, BHERESHOPMEN W E, BT To—HD#K
PEZ MEIZHhDOREEICAT ) S LW TH Y, %
HHEDOHTOMEFRICOEA IND 2 EHEWCE
7o BERE SR AT 2 AT o 7o EEERESH O AR B
X OF531Z, Fast Glycan Labeling and Analysis Kit
(SCIEX#t) %Ml L, SCIEXftD~ =27 MIZft-o

THT - 72. NISTmADIZ 1Z50F 4 U v NEUBE 84 2515 fii
éhé’tiﬁ%ﬁiiéh“(a‘o‘@ (3, 4), GOF, GIF,

G2F O 3FHHD A ¥V v — LB &, T oo
74% HES A SR X A, CEDREE, X
— R BESICIN 2 C, G2FIIN-TEF IV /453 ¥

% (NeuSAc) 25FM1 L 72G2FS1& GOFIIN-7 & F v
#Z27 bY 3 (GleNAe) 2L 72GOFB» 2o
D<A F—fEEI B S (K1, #1). BB
BE T T & RO DD Tz, EMHIC
P, AR R0 0 - AT Sk O BGET 2 AT
WSO ERE LT LEDN D 5.

Q) 57 b—A%& T NP ZG0, 12H5H0IE2o
DHI7 F—AEELdDEENREN, Gl GEL, &5
27 a—Z2dMmE N2 b DEGOF, GIF, G2F & #7.

¢ NeuSAc
o Galactose e Mannose
EEE oGIlcNAc  » Fucose )

~

GOF GIF

DP:
DP3

G2F

Relative Fluorescence Unit (RFU)
) [=] - L) w o [3,] o -~

&

24 34 36 38

Muguratlon Time (min)

40

B
NISTmAbEEEHESH D F ¥ ¥ 5 ) — 5

FreEZY

KB ZiTo7. MHFYESY —

488 nm . Emission : 520 nm, ¥ A : 1.0kV, 5.0 sec,

1 FrESU—

42

44 45

—BRIKENC K BNISTmAbIEEEFESS
FakEIF v — b (&) ESCIEX#toF v ¥ S5y —%

Sk Bl % 5 PASOOPlus D 5. H.
(#1). NISTmADb?> & i BEHE$¥ % Fast Glycan Labeling and Analysis Kit (SCIEft) #HWTHREL, Frx Y5 1) —EKXK

:50um LD, 45300 mm, MM : LIF (Laser-induced Fluorescence) Excitation :
Bk ©30.0kV, 5.25 min, DP2,

DP3, DPI1513#ESHAEAE i

BRUAB TRE SN /=NISTmAbBEBEFEH

2.229

DP3 2.497
G2FST 3.329
GOF 3.498
GOFB 3.600

G1F (FA2(6)G1) 3.693
G1F' (FA2(3)G1) 3.756
G2F 3.949
DP13 4.790

2.000

- 3.000
3.9 6.848
40.8 7.781
3.0 8.338
31.6 8.867
8.6 9.205

6.9 10.269

= 15.000

*GUE: S La—R1=yrM . BREOBEBMES N2 —RAORESEICRAEL-#.,



2. G-CSFHEANDFFERIMEDIRFTE L UERME

N F 2 25 —mOBRLUE LR

N F TNISTmAb%Z X R & L 72ffbr ik 2 Mt L,
7a bk aVolEle KA EToTEL (5) A%, FEfE
HiZBWwWTEINA A EEGBORKZDOH O (HTE
) YRR L2 Dy Vo LRSS
., ZTITHFEIFEMHEZME LT, /N1 F R
MOPRPSEEDONAL XTI T —=PREINTWDS
G-CSF (granulocyte-colony stimulating factor, FHA
R o = — BRI ) ) B A RS L L
LC-TOF/MS% Hl W 7= f sk friki e et +5 &L & b
2, BIRMENAF T I T —OEPM I E T o 7.
G-CSF & i o - vp 2Rk i BRA I\ AP AE 3 5 G-CSF
BRICH AL, P ERATERIL A & iR ER~ 0 5L %
fAE U CRM I O UF R ERE 2 35 & & 2 ) % 2 F5o
ZEND, DAL X AU ERRAD, AR
P2 EOBEBCH SN S (6). KREFETIX, K
BEPOHEEEINDETANVTFIAFLEFDOINNA F
39— (BS) 2BAPFICF ¥ A = —ZANLAY —

I (CHO) MlarHREEINDL ) VI AF L%
RS & L7z (£2). G-CSFIZ174% 7213175 o
T3 WERIED DHER SN D NS B 7 Vs G
T, 220V ANVT 4 FiERELD (K2). F/2L
27T AF LI, — BT OO AT 2ME S X
5 (H2). WEFRHFENIESNHIT, wH & LT
FEER (R v L~— 1) R H (D-v > =
=), pHRAFHIEZZH LTS, T4 VT TR
FLABIXU2DOD7 4 V75 AF LBSIEGCSF A,
B, CtL, L/ Z7FAF1I1IGCSF D& LTUKED
M 4T 5 72.

1) G-CSF#HIDA > % 7 M#MT

W HNEH %2 2D F FLC-TOF/MSIZIEA LA ¥
¥ 7 MENTD) ZATo 72BiE,  IINEIR 5 R O F G
=7 DB SIRHTICEEEZ 525 2 LB ash
7o, 2 CTHAITOBRMALS 2 BRET B0, Hi
WP L LTT7 e b ik EITY, A Y87 MENTIC
fit L7z, G-CSFOG T ®mIEMAOY 7=y 1+ #25

x2 EEMICALG-CSF&A

381 R 0D AL
ERER DG CSFRIE |

AN IS —FB0 0028 mg

DT SRF L | FANTIAFLBSN | I4)LT AF LBS2 | L/T5AT I
AT A 3T NVAS & et b FE17 b
k2 _ e T CHORRY
PR _ 175 174
#t st CB45H1330N223024359 '--‘Hdoj;‘iggfgg‘m‘“
BTE 18 786 6761 Da “?;;g?&ﬁ"
mEES L %Y
R A A

THHAICERE R
300 pg/0 7/ ml (0.43 mg/mL)

RIS —EBD 0028 me
D-vo=b—

| 1SR O mL)
250 pgsml O mUITAERZ R

A AS—R200 00 mg
D-wir=b—I 25 mg

30 mg L-FIF=2 10mg

At O BB RO Lokint a Lo1=AF5=Y 10mg
P ANRAY JEMEE EE L AFFH= Tme
RS EE
oH f S 37~43 6.0~75
e 10°CLLF Em
1 J L i
T T
G CSFAB.C G CsrD
(DAL TZAF L, 24T SR FLBS] [L/95AF L]

1 MU'V LGPASSLPOS FLLKCLEQVRRK IQGDGA 30
S ALQEKLCATYKLCHPEELVLLGHSLGLPNA b0
S|
61 PLESCPEQALOLACCLEQLISCLELYQGLL 90
|
91 QALEGISPELGPTLDTLQLDVADEATTIND 120
121 QMEELGMAPALQPTQCAMPAFASAFQRREAG 150

151 GUVIVASHLQSFLEVSYRVLRHLAQP 175

1 TPLGPASSLPQSEFLLKCLEQVRE L QGDGAR 30
J1 0 LQEKLCATYKLCHPEELY LLGUS LGLPWAEP U
| IS |
&1 LSSCPSQALQLAGCLSOLRSGLELYQCLLY 90
[ ——
G1 ALEGISPRLGPTLDTIQLDVADFATT IWQQ 120
121 MERELGMAPALQPTQCAMPAFASAFQREAGG 150

161 VLVASHLOSFLEVSYRVLRHLAQP 174

* Rl Uk

FALIF WS ]

2 G-CSFO7X./E&ES



kDak ) d/h& <, #20 kDaTHbZ &nb, £/ 7T
AV My 7EEY OWENTRETH 57290, LCEK
B L OME S EFREMEREY > ¥ —D 3%
B~=a 7 [[NA FEEGOGH] dutkoy 72
= MEHH] (5) 1ZhE -7z, G-CSF A-DIFwih
L Iminff LI I RADOE—27 L LTHEHB SN, +10H5
S+25MEEE D LAl A + > & LTS hz (X3).
TANTFGAFEABLNT7 4 V75 AF ABS (G-CSF
A B C OoFaryK)a—ar) EOHaEANRY
MV SIS — 27 E LTIl S, 09
HARAEE80% UL L% Y 6 B Native (Rf5ffi) DG-CSF
DOERARYZ MVEHGHEOEEARY PLERL —
L, 15 ppm TOEEREICLDE  TA Y FE Y
JEREMETEL IR TE (K4). F7o,
TANTFGAFLBLNT7 4 V7T AF ABS (G-CSF
A, B, O @IHEICHEHPHEOBGVGTHDOINY —
#7/~ L, Native G-CSFIZH T % 2 F 4 = Y ER{LAD
HEIXABCOIEIZ10.0%, 8.7%, 83%& M4 THh - 7-.
—%, V275 AF 2 (GCSF D) 1382065325 —
7 LTSN, 3HEORL 50 GTINEHIM
ML 72G-CSF7 & UNIZHESH AN L Twva 22 W Native D

G-CSF SNz (M5). TDHH AT ¥ —Kor
X, O-GalNAc P I21 4T Hh T2 b—Z (Gal) &
15 TFON-TEF NI4T 3V (NeubAc) 2554
Enb o (498%) 7 & ONIZ0-GalNAcIZ 1401 @
Gal: 25 FDNeub AcaMBii cn7zd D (476%) D
20T, TNEND A FF = Y BALED E4139.3%,
11.3% T - 7=.

b) £ %7 MENT ¥ R FDFE T OIRECTH RS
SHMC X DTS B ¥ N RO TR,
BRI GE (BESEL 7 3 VRIS o—IflicownwThB
IR ERESON, HIREORY M2 MTE 5.

o) PikOF 7=y b PR a7 7 —EREEIC LD

T BPUEOR. RITALEL L IdeSH L Z A B DLE S

SEICED, #25 kDaw 3o H T =y + (Fe/2, Fd,

LC) 23 Ak 5.

E/TAV My 2 E TR TAKILED D B,

D FEAELLDE O FMAED A D) SR S N5 R ER.

e) TAVEKRY) 2= a v MiORLE LZEBOEEANRT MV
5 0 MCHY 3 % B4 $ 2 L.

f) O-GalNAc: EAROf G REH O I THEEO1ID. &Y
CERLRAVFZUVREREECNTEFAVTT 2 MY I
(GalNAc) 2SS L2, Coa7HEIIHT 7 b—A
(Gal) ®N-7tF NV /453 (NeubAc) HFmL,
PESHAMHE T 5.

d

=

%108 ]
104l G-CSFA

05

'l;';_;_G:SF_A_?_H!_??.',‘).d:Mﬂ.a—‘J.Im GCSF A 2 01 72599d
x A2 Ul X

b}

| |IL! ’ H,L' N

nes

hlens_:
x108 ]
10}l G-CSFB

0.5

T T T T e N T 0
i | L B

.‘,__.Ml I

Inlens_ ]

%] ecsFc

1 13 ner
S e T i
@

Inlens. 4

%1 G-CSFD

Al

16 18 Time: [rrin]

3 G-CSFEEIDbM—2IA1F>oOTbITF L
G-CSFA-DDbF—=F VAt rrux b7 I h FEHEHAERZ 7 £ RBRICEDRRL, 0.1ugl4EDG-CSFz 1 >~

Y7 ML,

V=7 77Ty MERETo72 9 minfhEIENENASG-CSFOE -2 % 7L —T/Nn 1, 74 MIRL,

ZOREBANRY MVEBEISR L. 7 F 2 : BioResolve RP mAb Polyphenyl 2.1 X 150mm (Waterstl), BEjHIA :

0.1% ¥k, BEMEB:0.1% /7 r=FrYl.



bilens. ST et s, P_D1_7259.03MS, 8.89.1min, Deconvoluled (Maxinl, S04.77-1503.03, 00357143, T0000)
x10% 1 18786 6A20
15 o | G-CSFA
] i , )
10 g l' J ‘
04 i P l“-llm. Mw, ' M
] - v d yemer7sss
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An LC-MS/MS Method for Quantitative Determination of six nitrosoamines
in pharmaceutical compounds.

Tetsuya YONEDA, Nobuyuki TAKAYAMA, Hideo OGISO, Masaru OGASAWARA,
The Chemical Analysis Study Group in Toyama Pharmaceutical Research Association
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a7 IVHEE BOREPANEAETASEEZONTWS, T4, EEMDIZFFAEERE
B o= bov 7 I VEMRIB SN S FEIHSHRE, HFRBTEEROBERRAfThh7z. B
o= bav 7 I VHOERSTHTELZHELT 52 L1, BEERGOLEEZHRT 2720123k

HWIZEETH 5.

A2 Tid, LCMS/MSZHWT 6= bay 7 I VHO—FoMEORE L Big LRE %
Tolz., ZO%E, 01~1000 ng/mLOEEHPAIC BT, JERE (R?) >0.9980 BT 7¢ Bk A3
Bons. T, 10MEOERESLEY R >980%) IC2WT, = +a v 7 I VHEIMME IR
LW RIS IV Y VA 5NMBA & NDEADSH L S 7z,

Summary

Nitrosoamines are considered to have high carcinogenic potency, and several medications have
been subject to recall worldwide due to the presence of these impurities. To ensure the safety
of pharmaceutical products, it is important to establish an analytical method for the quantitative

detection of nitrosoamines.

In this study, an LC-MS/MS method was validated for the quantitative detection of six
nitrosoamines. Good linearity with a correlation coefficient (R?) >0.998 was achieved at the

concentration range of 0.1-1000 ng/mL.

By this method, we analyzed ten kinds of commercially available chemical reagents, which are
also used for pharmaceutical compounds, and detected NMBA and NDEA in losartan.

F—J—RK:EHY, —ruvrIv, whkra<x b5 7EEGVET
Key words : drug, Nitrosoamine, Liquid Chromatograph - Mass Spectrometry
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®1 ZbOVFZIVEO—BEHLYOHFFERE

—rav7y v AR (ng /H)
NDMA 96.0
NDEA 265
NMBA 96.0
NMPA 34.3

NIPEA (NEIPA) 265
NDIPA 265
MeNP 265
NDBA 265
NMOR 127
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Collision
sample m/z Cone (V) (V)
43
NDMA 75.1 25 10
58
46.9 15
NDEA 103.2 30
749 10
57.1 16
NDBA 159.2 30
103.2 12
44 11
NMBA 147.1 20
117.1 4
431 17
NEIPA 1172 20
749 11
471 12
NDIPA 131.2 15
89.1 8
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6RO = a7 I VEN A T EEREE S
M (01, 1, 10, 100, 1000 ng/mL) FA#® L, 4

®w R

01~1000 ng/mLOBEEDO6FEF O = F 1 v 7 3
VHEEHERIEICBWT, TRTOBS CHRERK R? =
0998 Ll Lo Bif MBS SNz (£3). it
T, 01~1000 ng/mLOEEIZB VT 6HFEHO= b
VT IV, —FOIC XD EESTREE 2o T

GEHFALEWIZ DN T O
SRR OB INB G S L 72 FRd o &1t
EHWT, oMzl L-wERMMEEBO 7 ~
r— b7l ZTOMRRED LI, AL LT
AV HETH 5 EHE G LEWIOMEZ E O (£4),
=ty T IVEREENR TRV RRE 21T -
7.

x4 HHLEYM—E EEX-H-KUEBA)

T I — vk

| 77V | Yazy -
S L7 EREOGHT RO EMME (01 ng/mL ~  [5=9 5%
1000 ng/mL) R L7z ra=Jy ‘ FH=T
vy R
(0.1 ng/mL ~ 1000 ng/mL) ot
sample m/z PUE PRI 24V Ry TR T )V | 2T IJAGTVAFIVEY IV Y
2 = 5 - g > s 53
NDMA 751 43 R‘ 0.9997 U507 =32—) VAVAE IV < N ANV
58 R? = 0.9996 V77 ¥ v
46.9 R? = 0.9998
NDEA 103.2 -
749 R? = 0.9998 By IR
103.2 R® = 09999 BlzAxy 7= 1iml, BEK4mLE AR, ZOH%
NMBA | 1471 H R = 09987 1 R TR A 155 MAT > 72 SOk
117.1 R® = 09989 12,000 rpm T 5 0oL, EiEE 74 vy —
2 = N =-bon -
NEIPA 1172 431 R 1.0000 AW LUEEE L7z (100 mg/mL).
749 R? = 1.0000
NDIPA 131.2 471 R? = 09999 ROWHEMTIX, =bavy7 I VHEOY—7 ki
39.1 R* = 0.9999 SN BHEE DA% Jills % % 2 THESHRINAN T

MLTWB7:0, SIEMIIB T EEMMEED L =
ba v 7 I VHOBERREEZHRR:. EoRR, KR
mfbEWE=rua v 7 I VEHOBHRERA?EVD DI
DWW, EEMLEYD FRICEESITFHIASL Z
LT, HEOGMEZH L TURENMET T 28N ADH 5
2O T bR d ot S iro-=tuay 73
VHOMBEIZES LB (O HlE, x JlER
nJ).



x5 SMETOAZMOVFZIVENO—E

HMEZfTo7z=tn
NDMA | NMBA NDEA | NEIPA | NDIPA | NDBA D73 ol
r7 7Y v O O O X X O 4
STRAY = @) ) @) @) @) X 5
ra=y v O O X X @) O 4
FH=T v O O X X O O 4
¥y Y O O O @) O X 5
”“;jf};“k 0O 0O 0 O o x 5
27 3 )46 AF I

vy iUy X X O O O O 4
YU HTrmd—)l ) ) @) @) X 4
A A @) O O O X 4
)77y Y @) @) @) O O X 5

w R @ua ¥y v OREH) 5K & 72NDEA £ NMBA

P 3 i

LA e = b YT Y RO I A

{, 6FiHZ RO THI L TE hho/z. L
PLENS, 4A~5Eo=rav 7 I VHEHIZOWT
W=D RETH - 72, O E, ayrvy v

» 5NDEA & NMBADMH & 7z,
=hay 7 I vHEIEIBRE SN o 7.
VF ZDWTIE, BRICT 2 ) A THAEBIED -
ONMBADSMH &, HERULEZAT - 72505 H 5.

Y

S T

NDEA [103.2 > 46.9]

Z B0 SR

[=hua

500000
400000
y - BB31./x+ 22983 .
300000 R - 09999 -
200000 ¢
100000 .
0
0 20 ao 60
ngfmL
oot NMBA [147.2 > 44.0)
50000
40000
o Y- B19.67% 18E.53
30000 R*-0.9994
20000 .
10000 .
.
0
0 20 an 60
ng/m L
2 1’E

DSE &

T vy v oIS HNDEA & NMBADH H &
NEZERS, ZOERIZOVWTIERIT->7 (n
=3) MEH (01~50 ng/mL) 2 X % E= KR
MENGERER (n=3) P8 TITo 72

NDEA Jt ’'NMBAIZ2W T, 0.1~50 ng/mL® &

B E

3000000
2500000
2000000
1500000
1000000

500000

[V

" ikl

100000

80000

b0000

40000

20000

0

WCBWTRIFZERE SO (X2).
WA b L ICNDEA KR O'NMBAD ER %2175 7.

NDEA [103.2 > 74.9]

¥y 52184x+ 10123

R™ = 0.9999

20 40 60
ngfmlL

NMBA [147.2 > 117.1]

y-18

69.3x- 615.82 .

R®=0.9994

0

#x

20 a0 60

ngfmL

Z DOkE



AR 5 WEOKZMA 72, 2Ok, RYESTEETRLEZ

OV v 2500 mei D) mibEFIC AN 2 155 47> 72, 2O %12,000 rpm T 5 55 3055
DFELFFICA Y 7 — % 2mLAN, TRMNEDGRER ML, Bz 7avy—a@L, AEELE (50
%47 9 A FHZIINDEA Bz O'NMBAKE # 74 5 % Il 2 mg/mL).

(MFEEEEL0 ng/mL), £EHM10 mLE %25 L 912

Fo_7_ongimiL. OE-mMara0:

NMBA standard

Tho EE P T TEo oo i T T Tho w0 )

NDEA standard

Tho TE T30 Tho Tho EL2) E$2) 41 et S b0 w0 ) CEy ey o T ho

NMBA sample

5o ko T LD TE0 w00 EE2) T Tho o w50 20

NDEA sample

T b T S T A1 M1

X3 LC-MS/MS®-O~vhF+—hk (standard, sample)

w R

3ozux b F v — b OBEHERRE SRR RS 2 &, W Lm/zERTICE — 7 P3RS iz,

6 OYIE2PHONDEADEE
NDEA [103.2 > 46.9]

. AL o TR AN BE 55 o | AAATHIREE

BT R E— 7 I ng/mL ng/mL PR ng/mL
(1498.6 mg 14454 1.38

(24995 mg 12707 1.18 0

3500.6 mg 13063 1.22

10 mL 97.4% 132

(15015 mg 100475 1112

2500.6 mg 100145 11.08 10

(3501.3 mg 97651 10.80

NDEA [103.2 > 74.9]

. P o SE R TSI RE A o | FEAEIRE
oy v G ¥ — 7 1tk ng/mL ng/mL SR R ng/mL
(14986 mg 85884 145
(24995 mg 74288 1.23 0
(3500.6 mg 76091 1.26

10 mL 98.6% 132
15015 mg 606482 1143
25006 mg 584078 11.00 10
(3501.3 mg 589426 11.10




NDEADRMENGRER %2 17 - 7245 8, [ 25%798
%& BUFRBERIE LN, MELRERETEXLI L

DHEFR S N7z, aH vy v X ) B S 17-NDEAIZ,
13 ng/mLTh o7z (£6). a¥ Ly »roOifFH#E
R 2 LI 5 &, R BIGEE X ) KL
F1055D 1 ORETH - 7-.

®7 OYILE22HhONMBADTEE

NMBA [147.2 > 44.0]

mpasy | R | e—sm | SRR EIRE gy | FETIRE
(1498.6 mg 11910 1476
24995 mg 7659 957 0
(3)500.6 mg 8546 10.66
T 45.8% 48
D501.5 mg 10 mL 15437 19.06
(2500.6 mg 11144 13.83 0
(3)501.3 mg 12793 15.84
@00 mg 9341 11.63 116.3 %
NMBA [147.2 > 117.1]
mrasy | R | C—sm | ERRE | WIRE gy | FPETRE
(1498.6 mg 27563 1507
(24995 mg 19125 10.56 0
(3)500.6 mg 23285 12.79
48.6% 48
(5015 mg 10 mL 37722 2051
(25006 mg 27864 1524 10
(3)501.3 mg 31609 17.24
D0 mg 21098 11.62 1162 %
& =) LIZGMEEOBMENT v r— s 2frv, Ok

TV F v 5#12 ng/mLO#EE ONMBADHH
KNz, LA L&A, NMBAD G ELE O
Fx, PR RAT% E B oz (RT7). T 07
B 51, 116%DFEMEIERDBE LN TV 5729,
B2 E R TNMBA® B[R AL T L 72D Tid 2w
neEzonb. F2, Em L7ZNMBADRE DN
FTIORPRKEDPoT. FOERE LT, B 2T
BHRFIMNOMEIC L YNMBADEREN R LR L DT
B WwhEEZTWSE, T EIZonTIE, RF%
FE3 2 BN RIEEN OB 2 1 —ICEM L Toir
T % EOBFAPLETH L EEbNLS.

T EH

Yt vy —OLCMS/MS%E W, 6f%HO =}
0y 7 I VHO—FIMITEORE 2T o 72, € O
X, B Z2E#YE (0.1~1000 ng/mL) 235 51 6 f
Ho=1tav7 I vHO—FGMPTiE kol &

REDLICIHEBEOEE MG 2 EE L, 5 hifE
HLIGMEHTHTEITo 72, TOE, o
%~ 7 5NDEA K 'NMBAD B HE S 7z, EmiR g
& LTk, NDEAIZ, #1.3 ng/mL, NMBAIZ, #12
ng/mLTHo7:. aH¥ vy L IiZBiF5, NDEAK Y
NMBA®D FFABIGREE & K3 5 & A B IR E DL
TThoe

BEER

1) https://www.uspharmacist.com/article/fda-
update-on-recent-voluntary-arb-drug-recalls.

2) ICH M7 Assessment and control of
DNA reactive (mutagenic) impurities in
pharmaceuticals to limit potential carcinogenic
risk, International Conference on Harmonization,
March 2018.

3) https://www.ema.europa.eu/en/news/ema-
reviewing-medicines-containing-valsartan-



4)

5)

6)

7)

8)
9)

zhejiang-huahai-following-detection-impurity.
https://www.mhlw.go.jp/
content/11126000/000308146.pdf
https://www.fda.gov/news-events/press-
announcements/fda-announces-voluntary-recall-
several-medicines-containing-valsartan-following-
detection-impurity.
https://www.fda.gov/news-events/press-
announcements/statement-new-testing-results-
including-low-levels-impurities-ranitidine-drugs.
https://www.ema.europa.eu/en/documents/
referral/ranitidine-article-31-referralema-review-
ranitidine-medicines-following-detection-ndma_
en.pdf
https://www.pmda.go.jp/files/000231528.pdf
https://www.hsa.gov.sg/announcements/news/
hsa-recalls-three-out-of-46-metformin-medicines

10) https://www.fda.gov/news-events/press-

11)

12)

13)

14)

15)

announcements/fda-alerts-patients-and-health-
care-professionals-nitrosamine-impurity-findings-
certain-metformin.
https://www.ema.europa.eu/en/news/ema-
update-metformin-diabetes-medicines.
[EEMCBTE= YT I VHEHORAY A
BT A HESEBICOWT] (4FI34E100 8 H
£ 3 AR F AR IE100856 1 5, FAEZFE10085E 1 7,
EAERERRFE1008%56 1 5)

KHEEW, SIMEsE, AkEE, DR, K3
e oprifes, EEmoMat2imH L7z ESEmp
D= a V7T I KOS, &ILEERRE
e >~ & —4FE#k, 48, 52-56 (2021)
[UPLC-MS/MS ZH W72V v BIU5=F
TUREROZ Ny T I A O 5 R T
17 B AT ] (Watersth, technology brier)
https://www.fda.gov/safety/recalls-market-
withdrawals-safety-alerts/teva-pharmaceuticals-
usa-inc-issues-voluntary-nationwide-recall-
losartan-potassium-25-mg-and-100-mg



ICP-MSIC X% TH A MWL EERRAKRE,
RU b FaERE & O LbBiRad

rIl RS, R W, AR FER, MR B, SRR MRS

The comparative study of ICP-MS elemental impurity test method, heavy metal

test method, and arsenic test method

Nobuyuki TAKAYAMA, Tetsuya YONEDA, Hideo OGISO, Masaru OGASAWARA,
The Chemical Analysis Study Group in Toyama Pharmaceutical Research Association

= #

B NS IE H ARSER 5121, TTEAMY R <2.66 > 1242 5 HE 1 ht - TN A 2 &84
LZEORBSEANCE Y AT TVE., AR TIE, TEAMDRBESCRETTHCTE-ES
JERBR I O, b ERBREE LR LT, e BRI EORBEDERDD D DD ME 1T o 7.

WMEIGRERIC BT, ) (Ag), FA3Iw A (0s), $ (Pb) O EILEAHSE AT EHAM & e,
OsiZBOFAETTYA 7 a2 B2 LML L T, MEEONBBIL: 2 I v 2 Z2EKT 5. UEE
b AITAPBATL—F v N NTEAL LBARNIEEIEASNS 2 L5, #BRFHEiO KK T
HbH. FTDD, RELKZRNT AR 2T o7, RENHE LT, FFRE 7TAIVE VR,
MiREEF FUw A, HbHWIE, AFEERES ) L2 HWEET A, OsOUHIIEIEZRITH E O HiPH
NE o7z, Agl UPhO @B ARFEMICE L Clk, ¥ EHFOAgk OPhbAHEALER (AgCl) <3 L
(PbClz) 7 EIZZAL Uikl L72A5 8, HEEETHOAgR OPhIEEIMK T L7z Z L HNTH 5 &5
Molz. TNHIEWIE, FEEHEERZ RS - ERFHRE L2EA IR0 b h, Bk ok &
OB LTHER L D EEZEZ BN

Summary

The Japanese Pharmacopoeia 18" edition has contained the general rules that drugs should
be appropriately controlled within acceptable limits in accordance with the elemental impurity
test method<<2.66>. In this study, we examined the difference in measurement results in the
elemental impurity test method, compared with the heavy metal test and arsenic test method
that have been used so far.

In the process of spike recovery test, the recovery rates of silver (Ag), osmium (Os),
and lead (Pb) were overestimated. Os can be oxidized by microwave irradiation under acidic
conditions, then it forms osmium tetroxide, which is a volatile species. Under such conditions,
osmium tetroxide is volatile in the spray chamber and gets introduced into the ICP-MS system in
large excess. Because of this, the amount of osmium can be overestimated. So, we investigated the
effects of stabilizers. As stabilizers, thiourea, ascorbic acid, sodium sulfite, potassium metabisulfite
were used. Regarding the overestimation of silver and lead, lowed concentrations of Ag and Pb in
standard solution due to occurring to precipitate such as AgCl and PbCl: were revealed to be the
cause of the overestimation. These precipitates were generated in a certain period after preparing
the standard solution probably by reacting with standard solution-derived hydrochloric acid.

F—J— N EHEG, TEAMY, FENEEGT T AERONEL <A 7 0l
Key words : drug, impurity element, inductivity coupled plasma mass spectrometry, microwave
decomposition

&

[l

JEA BB EIE R X ) AT Sz TRIEMOICH
R H A R4 120w TlE, FE20E4 A 1
H AR I ARGR S S LA BT RS I3 L CICH THeRt
ENTTEAMI AT A FF 4 VICH-Q3DASEH S
HILERD, LEARMBOREGO—H OHEER

&= (PDEfH) @S hTwnbd (1) V. 4HI34
6 HRROE+ AL AR T, HARER
DEGNG,  — AR O TCR A MY SBR 1 <2.66>12
o THBT 2 BORBAMANIE Y AINTED,
e FE ] ] PO LS T AR R 2 5 2 Y
Hb2.

WIS GM eI £ & — 05 A 3 % b8



BT I A EESHEE (7900 ICP-MS, 7Y L~ bk
B 1 Zppb LRIV TOMEILER G ZMET S &N
TE L. RIPEFTIE, TLEAMY I OWREN 72
REREROLZEZHME L, ICHQDIIBITAEF T

K1 AT72ar 1 OEHOTHETHMPHERE.

Vav1aBEIREnyaEs (K1) L L7z ik
AW AR IO F S, RO E SR R
<1.07>R v FEREE<LII> L gL, RERE R IR
FTHERER LD, TOMEERET 5.

—BHREEHN10 sUTORRIFDOTHFFMYOFIMET 2/HICF T 3> 1 KBEREWHS.

JLRE 75 A BORARORE e op-I[)- 3y W AF| DR E
ng/g ng/g uglg
Cd 1 0.5 0.2 0.2
Pb 1 0.5 0.5 0.5
As 1 1.5 1.5 0.2
Hg 1 3 0.3 0.1
Co 2A 5 0.5 0.3
V 2A 10 1 0.1
Ni 2A 20 2 0.3
Tl 2B 0.8 0.8 0.8
Au 2B 10 10 0.1
Pd 2B 10 1 0.1
Ir 2B 10 1 0.1
Os 2B 10 1 0.1
Rh 2B 10 1 0.1
Ru 2B 10 1 0.1
Se 2B 15 8 13
Ag 2B 15 1 0.7
Pt 2B 10 1 0.1
Li 3 55 25 2.5
Sb 3 120 9 2
Ba 3 140 70 30
Mo 3 300 150 1
Cu 3 300 30 3
Sn 3 600 60 6
Cr 3 1100 110 0.3
HEAEROFER SN AN B DR

O EEBHEREETHFTHMARETOLEBRE
A#E T, ICH-Q3DOJEIZH YT 2 B DE)E
AWMLz 8H %, ESRERBRDE <1.07> H33:L
TCEAK RERTE <2.66> TFNF M % 85
L, #lBRZ ML TR LZ AT, &
B O IR IRE 2 WE L, @I mHIEE % 536 L
7z.

K2 TREINLEREF 2 AT, BHEHAIPO
HHRENPOBME LI E 25 X9 (&) % WA
L7z, M L2 BRA O G A EAMBIE R 3
(7N



®R2 IREFRBOHEMK

BEREREGE (7Y LY MR

wHhILE

ICH/USP Oral Target Elements Standard A 15 ppm @ As

5 ppm : Cd, Pb

30 ppm : Hg

ICH/USP Oral Target Elements Standard B

8 ppm : Tl

50 ppm : Co

100 ppm : V

150 ppm : Ag, Se
200 ppm : Ni

ICH/USP Oral Target Elements Standard C

100 ppm : Au, Ir, Os, Pd, Pt, Rh, Ru

ICH/USP Oral Target Elements Standard D

550 ppm : Li

1,200 ppm : Sb
1,400 ppm : Ba
3,000 ppm : Cu, Mo
6,000 ppm : Sn
11,000 ppm : Cr

®3 MEOTHEALUESERY > TINOmSHHEK (18H7Y #0.3 8)

W54 B (%)
D-~v=hF—J 77
o — 2 10
I— YAy —F 7
TAINY U 3
A7 FH—RA 0.07
4 0.003 5
CFOE L TOE L — 2 3 II:::::'-‘::Z;:E:EZ:

EaEARDE (ki) 2
SEBMEA 152 A EBLIWHOLDIFITA
N, WOEFFERLTHEMEALAE, 500C~600C T
MEL, IKIL L7z, %k, EAR1ImLzinz, Kk
TARFWE L, BREWEERIHETEL, 243510 mL
ZMZT20MmME Lz Ri272 /=74 LA
VR LWEEME, T RS TR E WM &
HAHETHTEL, M 2mLz Nz, MEOARSE
L, K10 mLTHY, AL OEEEZ A 7 —FIZA
N, KEMzZT50 mL& L, B (SEEmE) &
L7z Wil (BRRmateh) 12 FK 1 mLz K T
AAEZE L, PUMME OB L FARICHEL, $hEE
#10 ppm#%Z0.3 mLNZ, KZMZ TS50 mL& L7,
7T VI EWIIZED B OF R BRI O PR & AR
PELRRB L 7-. Mo, Wi, ROV7 7 ¥ 7 ichi
L+ bU Y 2R LT o2 IMATRML, 55k
BL-% oz ivy, EHE-EME» 58
BLTHOBEZE L2,
*Ihfth, T 3Oo0BNE ESERBGR L LT
ICP-MSIZCHIE L 7.

TTEAMP R (A4 7 adnfid)

<A 7 EAEGICEAERAL, BiKe
mL, 35%3ilE 1 mL, 70%M & 3mLz iz, BLFIC
NL7EMT~ A 7 alsnf L7z, wHItk, @ik
FRL, 50 mL& L7z, 72, 7795 ¥ 7B L O
[ GREBR AT D FA D g TR L 7-.

<A 7 a5 O S

1. 350 WCIb4r I~ 4 7 i iRg)

2. 1557MT700 WE T~ 4 7 adgo il E5.
3. 700 WT204 [~ A 7 v i I g}

4. 50 CE T ($30551H)

S D

22 \DR LB O, RRTTRAL D O 7R
D BIRH L 2R B E L, 0, 05U, 1), 15J%
GUAMOMEL LD EHIREL (R4), BR%E
fiore. MEORMBIENTIREAYS, HIHOT%E 52 &
DB L7



x4 EEBROTREE AV 5 0 D 7
D~ 4 [ppml PR (£5) % BMAKTI0RARL, Mo
TTH 0J 05J 1J 15J A BE DS RA.2%, JRIR0.7% & 72 % & H I L
LARVL | LRV 2| LRV3 | LRV A4 7=
Cd 0 0.0015 0.003 0.0045
Pb 0] 0.0015 0.003 0.0045 xF5H IZERBRDOMERK
As 0 00045 | 0009 | 0013 MBI (791> b GHTH
Hg 0 0.009 0.018 0.027 25,000 ppb : Te
Co 0 0015 003 0.045 Pharma Internal Standard 1| 10,000 ppb : Sc
v 0 0.3 0.06 0.09 5000 ppb : Ge. Tn, Lu, Bi
Ni 0 0.06 0.12 0.18
Tl 0 0.0024 0.0048 0.0072 Lt g2
Au 0 0.03 0.06 0.09
Pd 0 003 0.06 009 FEERABETIE, I L 72 4R O it s H e p o
Ir 0 003 0.6 009 WOERBEL Y ST, SREMEENL, B X
Os 0 003 0.06 009 LS TR L (M1 /). ICP-MS%
Rh 0 003 006 009 BT ORMEIGABROMEE (K1 4), §4RR%
Ru 0 003 0.6 009 HEOMILTIZS ¢ OTEHTRMEIERATE < | RALH
Se 0 0045 0.09 0135 B L7 e 2 2 bRt —JT Ag Os, Pbico
Ag 0 0045 0.09 0135 W I EER AT AT S LTV 7z Osid, <A 2
Pt 0 003 0.06 009 OWR G 52 LT, OB L 2 3
Li 0 0165 033 0495 AEREL DS EDBHESRTYD, <4 7 DR
Sb 0 0.36 072 1.08 R CIUMLE A 3 2 AR L, B AR OIS
Ba 0 042 084 1.26 B TIRBAL Y 2 3 % ADSAL L 727200, i~
Mo 0 09 18 27 DBARDL L &), RN Sz b
Cu 0 09 18 27 %7 bN7 Ag, PhOBAFEMICHE LTI, K@
Sn 0 1.8 36 54 CCEIREE AT Sk L7
Cr 0 33 6.6 99
A MENRGAER
B cEAHYER 721 1602
0O F£EHE

1}

Li V Cr Co Ni Cu As Se MoRu Rh Pd Ag Cd Sn Sh Ba Os Ir Pt Au Hg Tl Pb

K1 ELEHARICEIDILLEE () LICP-MSIZKBAERR (B)

x6 MFEOTHEALUESERIY>TINOBSHHEE (18H7EY 0.3 8)

1555 % B (%) S
FUHE 82.7 -
bt a— 2 9.7 );
T Ay —F A7 )
v rFoFyrFuiltiro—A 2.9
1065 s




@ bFRABREETHFETHMARETO LRSS
AKiEtTix, ICH-Q3DOJEIZH ST 2 EDE)E
WML 8A Z, e BRI <1 11> 4Lt
FAMRERD: <2.66> TENZNMIHZREL
KRBT i L CTREREE B L2 AT, Bk

HOTEHRIRE A WE L, A mIEs & 5P L 7.

SR AIMEG DR
2% 2 TRENBEEL 2 T, BB o
AR DB L2 & 7% 5 & 9 1288 & HH
ZEmL7. MR LZZRAOEH EAMBlE K6
2R

==

SRTSIMEA 1 2 48, BB ED S
DITICAN, B~ 7 Ay AAKWOLY ) —
Vo(95) ¥ (1—10) 10 mLZMMA, =%/ —
WCHAK L TRRBES B 725, A ImEL, sREVL
TIKAE L 7. &%, BRI 3SmLEmz, XK
W EThR L CTEML, il (SREImEE) &L
2. TV 7 EWIEZED B OE R M O R &I
RRICER/E LR L 72

v EREBEE O BRI E LY, PEOKT
VRV AR, AFALFLUTVRELITEEMAE, 7
YEZ TR OIAER E H W CHRAIL 2 Al
%, WOE®R (1-2) 5mLBX I v{tH Y
7 AR5 mLEMA, 2~ 3 MikE L% =
WCEMEIEALA X () 5 mLEMZ, =L TI0
SrE L7z, RICKZMAZT40 mLE L, iS5
PSR 2 g% Mz, BEHICHERE L 7T A& %2
LT 2 ' ST 7.

e O P, FEA IS b BRI 2 mLA IE
A, WICHEDEE (1-2) 5mLEkUd
7Ab A ) 7 AR S5 mLE M A T2~ 35 ME L
7otk BUEEMAA X (1) RAWSmLe iz, ik
TG FIGE Lz, LT, it akkh & MARICIIEL
THF 2RI o B 2 A g & L 72,

*MWE AR T T AL, BMATHRL,

100 mLICEZE L7, e o fie R BE L Al 9 2.1%,
WFB035% & 7 A X)W L2, T hz ek
Bakkl & L CICP-MSIC Tl L 7-.

TERA IR (%4 7 0B fRik)

Eidio TOEERBRHEREETHFMMHAEBRETO
EemagEt ] Ol FAARICHRZ T 72, whltk, ©
MK THML, 100 mL& L7,

LHE Y O
2R LB A T, RORAIh oRF
PR HISE L 72l % SEiE & L, 0J, 057, 1, 1.5
AL 4 MOWEL S5 L) CkEL, AET-
o RO AR DR ER2.1%, HEFR0.35% & 7% % &

IIFRRL 7.

PR LD T
ko [OESBRBEE TRTHMRRETO
PEBHRET] OO & BRI 17 5 7.

m R

SRERO b EFRBREICB VT, R THILLHE
EHEWE DI FE1X50 ppb, MU 1X11.25 ppb& 2o T
57:%, GRBMARHIFEERL ) DH L 2T
5. RABAERTIE, SEAMHEHIEER LD S Ev
a7z (M2 /). JUEAMY AL ¢ FRER
HETOHBIIBWTIE, WEEOO Ea)E RERE & Fkk
\ZAg, Os, PADOBULEIKIEICE 72 (K2 AH).
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