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New Standard and Method for Elemental Impurities Control in <232> and <233> New General Rules of
USP and Effects of Them on Pharmaceutical Industry

ZHANG Hui-min, YU Ling-zhi, CHEN Xu, FENG Chang-qgiang (Dept. of Pharmacy, Taizhou Hospital of Zheji-
ang Province, Zhejiang Linhai 317000, China)

ABSTRACT OBJECTIVE: To introduce new standard and method for elemental impurities control in <232> and <233> new gen-
eral rules of United States Pharmacopenia (USP), and to analyze the effects of them on pharmaceutical industry. METHODS : The
existing standard was compared with new standard and method for elemental impurities control and heavy metal tests in new gener-
al rules of USP. The characteristics and operating costs of quantitative detection methods for elemental impurities were analyzed to
put forward the suggestions for relevant manufacturers. RESULTS & CONCLUSIONS: New general rules clearly demanded that
the content of each elemental impurity rather than total content of elemental impurity should be determined, in another word, semi-
quantitative control changed into quantitative control; provided daily exposure limits of 15 elemental impurities and the limits of ele-
mental impurities in raw materials and excipients. ICP-AES and ICP-MS were recommended methods for the determination of
heavy metals; the detection ability had been improved greatly but they were more costly. The manufacturers, which are making
ready to enter the USA market or have sold raw material and preparations in the market, should upgrade, develop and validate the
detection method of metal impurity in fields of software and hardware. The implementation of new rules can control the contents of
elemental impurity better.

KEYWORDS United States Pharmacopenia; New general rules; Elements impurities; Heavy metals test; Instrumental analysis
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I AR At ) B S v TR AT e i (IR #5575 600 °C) , 231
B R YR AR o X n) B A AR BGa V)T 2 S —Fh
ST ER RN R AR s BRI U 2. TR, 2008 4F USP FF R
Ja BT E R LB HT, IF T 2008 4 8 A1 T H L E
FRLF B R AF T i (TIOM) % 21 ) TAE /Y, B 2008
AR USP A0 T 2 M B In A2 L5, 2009 4 43 JF T OC
R & BidRiE e USP & K& A SRR 2577 2
ARG BURSLERE FDA HBR 2y LA BB R T By
D373 5 R DL A T ol A

AR SR R R I8 2R A% 5 I B R i AT R A
5 S A I )y 9 B DG Bl A RSB A T AR LA B BTk 1 2
J7EE SR TR TV IR, S 2T G R 5 e i 390 -4 245 i 2 o
K iR 5%
1 EHNTERRERNFER
1.1 ZEFRBREEHIE R

IRAT AL USP35 HEESR 45 I0 28 2% ot A i (L 1E A 70 2
TR 5 0L DU B i SR o 45 JC 3R 2 o 2 ik, IR 1 15 b4
JBIJLZE 4= (Cd . Pb,As . Hg.Ir.Os .Pd . Pt . Rh .Ru,Cr.Mo .Ni,
VHICu) (9% H ARl BR{E (PDE ), 3% 1.

F1 HFIPTERRRE

Tab 1 Limits of elemental impurities in preparations

% H O HiEG & HI A& KA (LVP)
PDE', p.g/d PDE, pg/d PDE, pg/d HARE, pe/g

f(cd) 25 25 15 0.5

B (pb) 5 5 5 05
TEAAR(As)? 15 1.5 1.5 0.15
Ttk (Hg) 15 15 15 0.5
() 100 10 15 1.0
#(0s) 100 10 15 10
(pd) 100 10 15 10

Hipr) 100 10 1.5 10
FE(Rh) 100 10 15 10
f(Ru) 100 10 15 10

f(Cr * * 2 *
fl(Mo) 100 10 20 10
B(Ni) 500 50 15 50

V) 100 10 30 10
fi(Cu) 1000 100 70 25

{::a. PDE, fR 5 50 kg 1A H fe/FBefihde s b. ML<232>705 2%
FR-EARIER; * . LU AR

note: a. PDE, means daily exposure limits based on a 50 kg person;
b. refer to morphological description in <232> elemental impurities; * .
means no hidden danger

3 B 9 2 RTBIR EE 18 il ST 40 1< 3 4 foh 7 B X 6 1)
e, AR A RE T ELA R S — A TR R
($AWICR Pt.Pd.Ru Rh Os 1 Ir) . Bk HUALE IR AEA:
T AR SN AL AR, e 2O HHEA T A . B R
FHRORBURTE , e N TR A AT RE R ARl . X TR
R E SR (TSR 10~ 100 ml) | Bk BIUHLE A2 45 24 5
TEA 20 53 v i R RE 43 1) s R 7 BRPEARL, w590 vh A e R A% o
FRIE(E (ng/g) AT 1A SR A

PDE=[ X M(CyxWy)]*Dp
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2, M il A A 4855 Cue 1 g S B JROCER
St (J5ORE 25 BRI ) (ug/g) s Waee 1N B o 4 50 9 S5
i (g/RIEAAL) s Dy R H AR GRIE LA /)

BE RS T IS0RHZ FIA R (K H Al <10 g/d) v
JLR R R E, T BUR 2 PRI A R 275, Wk 2.

®2 ERAMERPTRERRE
Tab 2 The limits for elements impurities in raw material

and excipients

ik RAHAESI0gdfn  RAHARSI0gdfE  FAHFE<I0 g/diRA
TS RREE L, b/ SRR, pe/g HIREN, po/g

f(cd) 25 025 0.15

i(Pb) 05 05 05
TALA(As) 0.15 0.15 0.5

Tk (Hg) 15 0.15 0.15

(1) 10 1.0 0.15
#(0s) 10 1.0 0.5

f(pd) 10 10 0.15

Hi(po) 10 1.0 0.15
E(RD) 10 1.0 0.15
£/(Ru) 100 10 15

&(Cr * * 25

f(Mo) 10 1.0 25

B(Ni) 50 50 0.15

H(v) 100 10 30

fi(Cu) 100 10 7

PEERIR N o 7 o5 0159

note: * . means no hidden danger
L2 FHEISHAE

USP i W] <233> 2 fit 1 PR L T J0A Q53 BT 43038 1 46 T
Jri, JFC H USP T B iy 4 i A R Tk . SR FHHER 1
AN IC &R Z% B9k FDA HEERY AT BEPEREK , (H FDA A5 i 2
SRR R s, W) R BAT I R B 3 A 7
FERBCH Ty, Fetn T Z AT AR A B 7 i i RR A, A
A AR R FAR A K S W OGS 1 (FAAS %) R fr 834 i
TGS (GFAAS 1) AEATA = AAG I 5 v 2 7 221
2RI, JrR2E A RIE T A2 A2 e R K
Fripid 23 (ICH) 48 75 Q2(R)™'ak FDA & AT it 43 B 25 Fi oy
DR

ST ) e AR PR ik 43 ) FL SR S A s AR R
ST (ICP-AES T5 B ICP-OES 12 ) | HL B & 45 28 T 1A i
:(ICP-MS i) , F it 24 5R 1 P 25 e il D A1 o A 7
P B AL FRAE i A B DA R AR5 S B e, L 3 mT LA
FEJT BRI SER o LR TR S DA PR A o A
T AR AR BTk  BHOK IS R A DL AR E %
Tt CR A 25 iH AL ) o
2 FHAZEEMMTESEEBRNENILE

Z PR ILAT 2 s KRR 24 8 ) (EP7.0) ™ H A< 24 i)
(JP16)™ (rh E 258 (CP2010) "X B4 T 2 4 s P A AT vk
AR, HFHE 10 FiocE (Ag.As Bi.Cd.Cu . Hg Mo .Pb,
Sb FiI Sn) 54 A £ T i S 107 A= BUBR AL T UE | 77 HE A (8 350
TEY)S 10 ppm I Po AREh HEA TEIUE XS G, U 2 2 5 B
SIRMREE . BRAAEEW B EIR2ESN 2 e T 10 #h
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JCR RN BR BRI Jr i, A BEAR B A IO R A S i, i HLAl
AREMEVEZ BT, A Cr, LKA = v F AR 57 4A
FICE (PGE) . BUATH 4 Ji A A 1L A7y 3 5 BRI 1 i)
R RV VAL s T VS YR T 2 L i) 2 A AR Ak, G st )
AR A 2 i 45 Rty m] GEASIR] 5 RIS, 1 75 32 1 [l SRR, 4
SCHR U H 8 BIF 5T R BRA TR I 5 2 A ICP-MS 5, X H T
Pb.As.Se.Sn %5 14 FOCE 1 [RIE , 25 5 ICP-MS 2 (1) F-2 7]
R I TE 80% LA b, I BRA TAG I 5 325 ) [ A %6 421K, 4 Se . Sn
1 Sb [FISCRIAE T 20% , Hg M EISCRFEE R 0,

PUA T 4 R v BT ARG R R S A T R AR Y
SAR(E, R R B AT BT R R 45 T R T R
i, Hor 4 REEMETCE As . Cd P FlHg N TT %, HITER
fECME R REAG R Bk B KO AR A e R A T . 45 o0 3 B 1
IHPEIEF A e RS0 B . AR BH 55 R HB 7 ik
Xt 25 ks B 55 R R 1) 4 S8 G 38 2% JBTEA T ARG DN G I B AIK F 1
pg/g, #& 2 ik 5] 0.01 pg/g K-, i H. B 4 8 3k 76.6% ~
123.0%,

3 BMBENWMAEMLLE

3 D] 4fi 32 4 ] ICP-AES 7 (5 ICP-OES ) Al ICP-MS
DRI vk . BRG, AT T 48 J0 R S I B AR
BT ATAE TGS L I FAAS 1 7 GFAAS ¥ | HJEHE
B S B AT 1 L L BSR4 B TR (ICP) (ICP-AES #E Y
ICP-OES ¥ ICP-MS 12 LA K X B9 Gk (XRF ) .

AR AT BT B e ol A Bl B 8, B 40 ICP-AES 75
A DA P 2 0 R A0, (B R AE M B OGRS T, i
DIAE )RR, DR TG 25 5 AR 28wl 1 7 di R s P 3 1Y)
(NG S I BTVE ¥ oal L I RPN OE RS U

Xf e R AR A BT HR RIS A T AR (FE R AR IE A T
1 000 h, & JH3247 20 hit) , 4Fia 17 A i = 19 & ICP-MSS 2%,
AERAR Sy 14 150 3270 ; I fl A XRF 325, AFE AR R 5 350 00,
BT AR BT NFEM T . S ALER A IS AT A (4%
RFAFIZ17 1 000 h, B 1877 20 )" L3R 4.

4 FHEZEIT A EIRIN

B 38 0 <233> i 1B T o0 K A% 5 A PR R I 5 vk (R
ICP-AES JAHTICP-MS 45 ) | B B 1 DA B fe sl i B i, JF:
RO () K AA TR 0 2 5 e R 2R R Jr i ) itk v
PEEETHRIE, USP X LR PR vk O 0F1 7740 b e A
BT, ORI R 7 1% RE A AE AN B AL 7 A JRURS: L () K
T I S 5B B9 A 2% (1 Agilent7500A ICP-MS KZ5 1 H A A
). T Bl R A 201 FAAS IR GFAAS 75, 46l
ASCH A X B, AR T R LB R B0 TIE

XoF U R 26 E T A R B % T A B B 0 R 2 B
FR R W ATE B T 22 BB 78 43 A, St R
1 T PR A 7 A T 4 R O R 2 T R A [R] Be T EEA
UPREAE RN AE AT, e BRI A R, T R RN IS A
CLON R 0 4 B 2 R I s, BRI T 7 SR AR A TR L
Ko I, BN BRAE 2Y b HOE B8k FDA JEUE 7 2014 4E5 A 1
HOBr 2 e A T AU R BT 6 T2 BB B BOB e
TN BB L 51 A B 48 o0 R 2 JTalb 4 7 KU PEA , FE Rk
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Tab 3 The characteristics of analysis methods for metal ele-
ments
ERCEATHA fi B
WITERRREYE Oy, XS O (L
O MR Ol
ORAELIEN, §iz RiE, Tk
FAASH: O 1T ppm AL O L RIER %
O 1 Na K, Ca Mg Fe Zn LiILE M7 OFERARLAT (M~ ZE)
i O T
O TR TER, ST E OLHHE
IS ey OJHTRE A A
GRAAS O IR BH FAAS i O it LA
OFE T Pb Au AL A AIROR O ik R 5 ket
O D EADE REYMS ONEAGREZRA
i O R
OB AT T
O LA HLEE G A
OfUEH AT
ICP-AES O L LRI MTHE ) ORI R A E A
ORIIKFAT, Bt ppb AR @LICP-MSH S KA T4
[ Eaiziiohs O T EMLE T, A
OARIEIRE R RNEZEY IR
O ICP-MSEHIL B Ak RCR  ORMBLEA 1cP-MS{
ICP-MS { EoTie 8IS i) O TR TR AT (M),
ORI, Bt ppe T A5 EAM MO )R
O Rt (AR AO 5 ) ERRE T
O ICP-ARS 1
O TR KM O AR IR TERE AT SZAL
XRE¥ O (iAo R RER R AR T LREE ORI R K
IGINSHENES O E MR AR
O R AR
R4 NUREBITHRAE(S)
Tab4 Annual operating costs($)
bR RN A FERDIA Bk
FAAS: 3700 150 1750 5600
GFFAST: 230 230 5500 5960
ICP-AES i 2400 750 3100 6250
ICP-MS % 3400 750 10000 14150
XREH: 2200 150 1000~5 000" 5350

TE % A ERIOR T XBLAE LS, TAaFER 1E 97483 000
note: * . means the cost depends on the cost of X-ray tube, and av-

erage cost is $3 000
28 FDAHE , J5 25 T AR o
b Hh5iE

FDA B3R 24t A 77 v i F JsORL | v (8] 44 R0 44 1 53
(APD) BRI ) (e ) B FE) RHES 0] A ) JRIAR] JBEAR
&), LA 25007 S B 5 AR BRI TCHLOC 2 4 Bk A 7 1
DA X A7 i B T RE ST AR AR 5T, Anfi AR Aok A
AR LA TS Yy A A T I o TR BRA T D 2
BTG A 25T USP 3 ) <231> 51 4 @ PRI 7, 767 ] L1
B | SRR N i S T S AEAE AN A2 5 B0 E ) USP
<232>"JURARJF-BRIE"FI <233>"JURART-J7 %7 Frif . B
T SO IR BRAT 2 BRI BRE L R I S T A A 41 A i il
B FEINE ST B LR B LA SR PR 25 A it A R B A
BRI, LA ILEAAN 537 0 (00K o [l WS R P20 o [
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IF USP<233> HEFF 1 1 A B 1 B 23 B AL 25 O A0 5 72, D
ICP-AES 7 (2 ICP-OES 7% ) #l ICP-MS 1 , iX PRl 1y A A 4%
e 1) AP RN AERR M L T UKDt 2 8 b IR B TR
Fe ot BEOX [ ACHRE b, T3 DU 465 HE R R A AR R B T A
R R . B AR SRR S T R DT R (W He) B 452k 7]
R, 3k g2 USP<231> fy— st B [nlidll, © 2838 3 1 580 AGIE
BZ, BT USP<231> 4 JR A A s Bl X, SR 2
JUER 24 BTN AGIN 5 vk ol BRAT I 2 o ik 1 Sy s i (AR A
), BIOREERA T Y USP 738 DU X6 0 2% 2% o 4 R 88 G Il T Be A
T AT R 25 i TP OC R AR B BB T o IS
TRFERUE B RGBT R E v 2517
AR T — R Z B TR, T AR E G
FASIN 3 A T Ble A T T, IR A B 5K
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