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Research progress on quality control of impurities or hazardous substances in drugs
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Hebei Province Engineering Technology Research Center of Traditional Chinese Medicine Injection, Hebei Shineway
Pharmaceutical Co. Ltd, Sanhe 065201, China

Abstract: Along with the rapid development of the drug research technology and detection methods, many guidelines were introduced
focusing on impurities or hazardous substances residual in drugs by various countries. According to the procedure “establish the study
target — develop the impurities testing method — sample determination — overall evaluation — setting limit and control”, the
impurities may be evaluated whether to control in final products within the different factors, such as impurity sources, impurity
harmfulness, removal difficulty from the final product, etc. Research progress on quality control of impurities or hazardous substances in
drugs are summarized in this paper from above aspects.
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B2 B it A 4 22 A MR RAE W IR B p 7o B 24T
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(1) IR 7E 8k IR 56 A 5T (1 B s 3145
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Table 1 Related guidelines on impurity research

eSSl EiEdL ER BAHAL KA )
HRYI A 2T TR 7 35 ) SFDA 2005
Q3A(R2): Impurities in New Drug Substances® ICH 2006
Q3A(R2): Impurities in New Drug Substances™ ICH 2006 4F
Guidance for Industry ANDAs: Impurities in Drug Products™" FDA 2010 4
2y A oy MR 2 S ) M 2010 4F
Guideline on Setting Specifications for Related Impurities in Antibiotics!” EMEA 2012 4F
BREATR A2 25k R U SR AR SR 3 s ) SFDA 2005 4F
Residual Solvents in Drug Products Marketed in the United States" FDA 2009
Q3C(R5): Impurities: Guideline for Residual Solventst'” ICH 2011 4¢
WALEFE  Guideline on the Limits of Genotoxic Impuritiest'!) EMEA 2006 4
I 5 Question & Answers on the CHMP Guideline on the Limits of Genotoxic Impurities!'? EMEA 2010
Guidance for Industry, Genotoxic and Carcinogenic Impurities in Drug Substances and Products: ~ FDA 2008 4F

Recommended Approaches™
Guideline on the Assessment of Genotoxicity of Herbal Substances/Preparations™ EMEA 2008 4
M7: Assessment and Control of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals ICH 2010 4F
to Limit Potential Carcinogenic Risk!"

S2(R1): Genotoxicity Testing and Data Interpretation for Pharmaceuticals Intended for Human Use!'® ICH 2012 4F
&JBAT Guideline on the Specification Limits for Residues of Metal Catalyst or Metal Reagents["” EMEA 2002 £
Guideline of the Specification limit for residues of metal catalysts or metal reagents™ EMEA 2008
4 A Ayl HE 22 2010 4F
<231>Heavy Metal Analysis”” USP35-NF302012 4
<232>Elemental impurities-limit®*") USP35-NF30 2012 4
<233>Elemental impurities- Procedures (22] USP35-NF302012 £
Q3D: Guideline for Elemental Impurities™ ICH 2013 4F
JREFRME  Q6A: Specifications for New Drug Substances and Products[*" ICH 1999 4
il 25 250 e b T [ RS A I R AR S 5 s ) SFDA 2005 4F
Q8: Pharmaceutical Development®® ICH 2009 £
Technical Guide for the Elaboration of Monographs EDQM 2011 4

ICH: AMZ) i HEARZK E BRI 2y FDA: SEE G255 WEE)R; EMEA: ROMZH )R ; EDQM: W2 i i i 2 B ;

USP: S[HZjHt; SFDA: [HZf 2y i i HR

ICH: international conference on harmonization; FAD: food and drugs administration, EMEA: European Medicines Evaluation Agency; EDQM:

European Directorate for Quality Medicines; USP: United States Pharmacopeia; SFDA: State Food and Drug Administration
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Table 2 Control limit of impurities in new drug substances and products

#5 R BE S E B P BE B E A
A AE B mKNAR=E B {E K HE B
JFRlzy <2g 0.05% <2g 0.10%5% 1.0 mg, HH/ME <2g 0.15%5% 1.0 mg/d, B /ME
>2g 0.03% >2¢g 0.05% >2g 0.05%
il 771 <lg 01% <lImg 1.0%38% 5 pg, B/ ME <10 mg 1.0%38% 50 pg, HUf/ME
>lg 0.05% 1~10mg 0.5%% 20 ug, ME/ME  10~100mg  0.5%I% 200 pg, HE/ME
10mg~2g 0.2%k 2 mg, HUE/ME 100 mg~2¢g  0.2%5% 3 mg, HUH/ME
>2g 0.1% >2g 0.15%
F3 MERLAYRIRFAITHIRE
Table 3 Control limit of impurities in antibiotics
25 KU sty A U e BE T BE
J5oEl 24 et S TR 0.05%/0.03%" 0.10%/0.05%" 0.15%/0.05%"
RIEER B —AH ) 0.10% 0.15% 0.15%
REERZ My 0.10% 0.15% 0.50%"/0.20%
il P SR 0.10% 0.20% 0.20%
RIEEK B —AH 55 0.15% 0.20% 0.20%
REERZ M) 0.15% 0.20% 0.50% /0.20%

Kk ICH Q3A,  Hi™ b H AT & ;

UGB TR A DRI S 0.50%, HALAT M BT A BREE S 0.2%, MR B A

*—according to ICH Q3A, control limit is determined by daily dose of products; **_control limit of compounds with closely related structures is confirmed

0.50%, and other relevant material is 0.2% using a combination depending on the situation
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H e i) (PDE) RIEA i N sksh4
Fefb s, ATA s AR O™ A AR 2E ETC T
W0 ) dp e R B Bk BV RIBR BEVESL PDE 3K
o, RO B NV 5 & (NOEL) KA1, )

DU fe AW %2 fe B 7] & (LOEL) AU, ENEFh4)
SR NAR BRSPS, ATART SN A 2 ml ™ T VA
W B BRI KA E . NOEL Mfie, —
77 AR AH S S il 56 i R, 53— T i) LA
S _E R IEPT ), A7 SCikIRIE, NOEL #f
R4 F %124 28 NOEL=LDsy X 70/2 000 114214,
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Table 4 Formula of acceptable limit for impurities

T A 1 HEAR S
KXY PDE  PDE= (NOELX/{ARsiH#) / PDE: 4 H A $:52 (1 250 - 5k B W i s KRB (mg/d);
(FyX FyX F3X FyX Fs) NOEL: ANREMEEI RN M, HA74 mg/kg d)s

AR (kg);

Fi: @22 MR

Fo: MK A5

Fy: FIRAEEAD T 1K) Uk 3 R 6 AR SR
Fy: 2T BN R

Fs: W RRH

C C=1 000 X PDE/##& FliE (g/d)
KD C C=TTC/4 2575 TTC: BEFEZEHHEHEME (ng/d);
Je pto TTC=TDs,X 50/50 000 AR (g/d);

TDso: VAP 5 &
50: 3 50 kg MMAEFFE CREH 70 kg IS4
R 24 L g L xx=ADIX W/ (100 M) L s SKPREEISME (mgke);
Wk BT ADI: 5 H AR (mg/ke);
w: ANMCPBIAR R (kg)s
M: PR H BRI R (kgs
100: 24T
W2z — B R 75 PDE = 438 44 i % & & Ty
4 2 TR 5 KA
— £ H PDE=[Zy(Cy X Wa)] X Dp & T2 15
M: IR RS2 5y
Cu: ZAAHPEESERE (Wg);
W IR I E S (g/Fpr);
Dp: FHGZEKEAL CRAL/);
Hgh: Lasr L asr=ADIXW/ (10 M) L won: AR EEIBMH (mgkg);
F4 gt ADI: £ SAVFHA R (mg/kg);
w: ANMCPBIAR R (kg)s
M: PR R H BRI R (kgs
10: 4T

REBEEOIERIME (TTC) s FFT X AL TTC rTEAHIE R 1.5 pg/d.
TH, AR TTCE X T M eaefl 2 —E45ESEsS B Y RANEERERR
BEACE, AAEEEACHETZBEN, a5 20 EEEMERER

S Ak I B B B SN o AR AT B K ICH 2% T ST T ANE T A
TTC AEEIEERITER, TTC JRMAEH TIrIrEe LR TR s R 28 5. FE AR PR 2% TN 1%
J& Chufifs B BRI B KRR IINIE A AR 2R R e B B A, WERAN R e,
P ERRERE PRI AR KRR 2 A S R IR R R R
EEW KT B TDso, nTLANIASE . SR, 435 EMEA. FDA SEMZUN G TARSC I HE N #dE2

ARG WIRAT TDso IIH, HARATHFF AL, ﬁh%%ﬁ*%ﬁoﬁ?%%m%,mmA%ﬁ*
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MIBRSE WK 5. FDA #% EMEA LiR4RRg, $2H1 7
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&5 EMEA XEREFERRMEHIRE
Table 5 Control limit of genotoxic impurities by EMEA

fabs PEHIRE/ (ugd™
AR 120
<1/1H 60
<3/H 20
<6NH 10
<1241H 5

&6 FDA MEEFEFIERFAIZHIIRE
Table 6 Control limit of genotoxic impurities by FDA

fabr PEHIBRE/ (ugd™
<l4d 120.0
14d~141H 60.0
1~34H 20.0
3~61H 10.0
6~1241H 5.0
>121H L5

LG, A EER T TTC, Hisifk
BEPEAR 9, WnE A R NS,
WEWEE, 5B AT 2 T R P 9T

P RMA 2R A BRSO TR«

(D R Jsopb & A A R 2t R4
LD, a-R bR, Forb AR S A Uk R R 1)
ORGER A SRR ) R TR A R B nT DL R
ICH Q3A = HiIEI v ;

(2) MRFRIAEGHE R, mhEEfA,
DI T A SOk o 10 B A7 100 75 S 4 PG DRI R P
A, W2 B S0 H ORI R e, T2
KA Wt 0o} R P T2 Rty M B 2 5

(3) A Rl FH 21T R SO R &5 R 1 4 T

QR 2 TR 1B, B 8 R R R R 10 2
FURAIaa e SISk T Ui

2% E 25 R A = B 2y PARMA B T —
A TAE PN B AL BRI, R DAL
R K RAE (R REE 2y 2) Jeirpl, 3¢
PEGINT AN EE QT S, —Eute i a4 m
PR KRGS, 2RI 73 3 TTC 4%
e WTIEARARY, MR T — A0l
T, BRIV K 22 5% B 1 A% TR DG AU PEA 1)
PRt o 20 1 TTC BWRAG T LU 771 5 AT AR R 1
FEALEF A SLREAT PR3, AR e, TTC %
i, FPEE AR TTC $2 o

RO RAR TR, 0TI DR R 2 T 4
FEATE R T AR S

(1) 3Hr o e 2,  FER) A 25 1 2odhs 5%
R GE AP AE 5 1 S AR (R A F M R . 1
TTC W2 KRS PP (1) 5 24 R SRR 1~3 435
IRy e N Sy SV IIEZN 7 e e/ N
AR IR A G W A5 L) s AT RS DR Bk A A 6
PRy BB, ] 4 rp IR T LA AN A B s A 5
FAg MR R IR

(2) BRNIGATRS: PR 25105 H RV A& .

(3) VAIE 2 FE IR #3E 2% Joak B B 3 LAfak e ™
THE B S A B

(4) K2 — D Se 2R AT 402K,
N AR SHAT IR AL
22 HBBIEF

7E ICH M A E K damh, 29rh sk %
R 38 — RN A s I N B
HIMEH, BB ERTS PDE; — A7 2 55 = AN
it 50 mg/d, HBAXT NARIEA TG .

X1 OAH TRABEFIBRE RS ARK, SEpr
N AT DL BN R T3 A B K B 4
PR i IR fevr HE A= 4.1 mg/d, fEE H

535

A
|
o oY Q, o
0] /+\6

A=k, FiHE A

1 FEERUSHMLZEEESE R

Fig. 1 Chemical structures or functional groups of aromatic compounds
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Fig. 2 Chemical structures or functional groups of alkanes and naphthenic compounds
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Fig.3 Chemical structures or functional groups of compounds with heteratom
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Fig. 4 Decision tree of risk assessment on acceptable limit for genotoxic impurities
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Table 7 Example for calculating limit of residual solvents

oy RKHAEg ZBER(X107%) ZIFHA R /mg
Jrt2y 0.3 800 0.24
kL1 0.9 400 0.36
ikl 2 38 800 3.04
S 5.0 728 3.64

BEL 1 R 2SR T 410X 107, fHIER
HRL 2 AR RN 2R RS e T 410X 1074, (=
R I HBAN AL T RS 1 4.1 mg, Bk, £F
e VUOEE Ve

X F- 8RB N ICH A%, bR T R
PR AL, BT DU S e 2 0K -

(1) = LJAr ok 2 (1) 5% B i n] L3S I AE
3.20X 1040,

(2) X ICH it I — I 2RBR B, R AT Rk
S 2 O G = R N TR 2 3 5 22 o 1 P

(3) Ak A TR s &4, H
LB e E. 7 ICH 5 S JEUAN (b E 2y
B 2010 AF PR P 5% H AR A ik 41 D A A B
FORHA VUSRI, BESR 24 ity 2 7= AL AT A
PEAZ I AT I A MR IR o SCHERIR
T, LA TR 11 5% A A W TR R R A5 5K
KF ™A T 5% B B, ] LA R A i ek e 24
Wy % g s

(4) XFF R TR &, KO
IR FLI A T 52 B i 2 3 Y
Ay THIR, ROHE. BRI, ZOEARE (o
I SRR PR 5 A /N T 21070 Hifl/y
T 2X 107, {HAE, N HRSUR IR 25 e Al )

H

FoAb 2y i —FF, 78 b T HT AR I AR AR 24
PR IS LR & VP, AT BAZ2% ICH, Rl %
JEYh 2RI R 2
(5) WFFHR A g B R Jnvg, w T
PR FEATF I 0.1%.
23 EERE
FEBEAE—RARIAEAIN, AR T2
A B T &m0 P aAr A = s He i 2 4
JBICE, FEALL MR . Wk T AR T
T, U ARk s FH 300 4 fe A A2 4
WA, WA B BE. Bk ERASETR I TR
T2 R I A A A, K 2 iy
HilE Tt ik AT e s, BIFE pH 3.5 644 1,
TS e AR S B . R, R
N RS AA SN AR R 7 TR R BU RS iy
A TR (0] AR ) LR EA T A i TR T R A
o RAEAR XA E 48 10 R AR, {HE
() “H 4R ot LY. 2011 AERR C RRIH 24 8 )
P T ARRTS LR I E AR AR R R ERT, L 8.
A2, 2 G B A AV A e — i =)
PR, ARBAELL R LA T (1D S REEE T H
Pde, RZERCK; (20 AR T
FEoEICHE A, TLIERME R E TR R (3)
FE—Le XCRIE K, AR S BRI R e A R R R A
AR IAE A, AU RIEZ IR fEX M 5N, ICH
Q3D. USP35<232>4¢ 1 T 4@ 2« e T s ). oo
RIS T RE AR AL T OB 2« ARkl ) o )
AL FVRIERES V5 384, LEASI T, A FEAR GE 1 i
TS 6 RE VRS, — S8 A U F B NV J2 T A=
Wl ICP-OES. ICP-MS ] LA[R] i a2 S 52 2 Fh 4
TCE M IR VE S AR, LU0 Sk
E 25 2010 AR KBCEIENTI L 9.
FEJFEARERE T b, 1 ST AR 2 A e i
WEYRE JRURE AR EGRA P AR, B AR I

x8 UUteZHEMNEERERE

Table 8 Limit of heavy mental evaluating by colorimetry

H SN f b 2 e I 1)

4w R

FHBAE>05g, WHEITINE<30d
FHFHBEANE>0.5g, BIFHAI>30d
FMHBAR<0.5g, HITR>30d

FFHBEAE<0.5g, BIrHAI<30d

AT E S R, BRE2.0X107

AT E SR, BE1.0X107

AT E SR, VS ORI BRE 1.0 X 107,
HoAt i 1 J5URL 25 B R 1.0 X 107

AT EHTES R




* 960 - ERE-E 1Y 3 Drugs & Clinic

2% FHH  2014F9A

FE R RESI ARSI ARVFH RN, KBE
EEURIE SRS g a1 pIve A R SR VA REP e
TR 2 AN TR 25 2y e X e A2

USP232 Xl G R A8 B RS WA 10,

TRIFRRE bl R —Jo R (R AN H AR R fevF
P2 ke o A BRI PR JSURE AR L p RS T 30 AT
(K14 R AN H 7 VR K2R B fH

FEZ 11 Rt TN 2 255 50T H iR AN
L 10 g/d AR A B 250k o3 CJSURE 24 AR

HRIR RS R o X SO BN IR FEBR AR, 5 Bl
VAR = 7 RO SR N B0 A T I 8 . A2 2
W< Jeg 2 o B RS I FH 2848 4

(1) 500 mg Jy 7, BRI, Fillfe
Hifihy 0.75 pg/g, 18I A TR 0.75 ng/g X 0.5 g/d X
1=0.375 pg/d<<1.5 pg/d CEARFIFAK PDE), 45
REFEHE ;

(2) 0250 g K, BERIRHIPIR, 1 Rk, BTy
S YRS )4 0.05 g APL 574 2.0 pg/g 45,0.1 g

R9 BMITRASTHZMERM
Table 9 Suitability of different elemental analysis methods

LioRIUWIRES F B H I& FPE CrhE LY WA
thtaydy/ byl EL&R =k il Fop i, EoERE ChEZE LY 2010 4% Clek
JR TR fifly f. By, oK. W CGBE—D KEMOCER  ERFFECR LS Z R (PEZM) 2010 &# OBk
JRTF 56 PHITH . RERFE LR JE R E LR ChEZG LY 2015 Z3IT, A
FH4X
ICP-OES EZLIbI 3 ERETLHR (R EZG LY 2010 —#RE; ULE
CREZ ) 2015 =, =HH
ICP-MS filly 8. # K. W G2V REMOGE wEEZIOR ChE 28y 2010 —HBWc; TE
CREZ ) 2015 =, =HH
HPLC-ICP-MS JCEMA. BT EWZICE ChE 28y 2010 —FBWT; UTE
CREZ ) 2015 =, =
F 10 MHIFI P& B R BIEH RE
Table 10 Control limit of elemental impurities in drug products
JLHE M4 25 PDE/ (pgd ™ R 25 PED/ (ugd')  WAYZ PDE/ (pgd ™ KEEMDWE/ (ugg®
i 25.0 2.5 1.5 0.25
] 5.0 5.0 5.0 0.50
ToA LA L5 1.5 1.5 0.15
TR 15.0 1.5 1.5 0.15
B 100.0 10.0 1.5 1.00
e 100.0 10.0 L5 1.00
Gl 100.0 10.0 1.5 1.00
1 100.0 10.0 1.5 1.00
4 100.0 10.0 1.5 1.00
a 100.0 10.0 1.5 1.00
&% : : 25.0 :
## 100.0 10.0 250.0 1.0
B 500.0 50.0 L5 5.0
N 100.0 10.0 L5 5.0
] 1.000.0 100.0 70.0 25.0

"t A e

*-no safe problem
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Table 11 Control limit of elemental impurities in drug substances and excipients

JCH FURSE 2B/ (pgg TR B PREE (ugg ™D AL, (ngg™
& 2.50 0.25 0.15
i 0.50 0.50 0.50
JCHL i 0.15 0.15 0.15
Tk 1.50 0.15 0.15
B 10.00 1.00 0.15
H 10.00 1.00 0.15
el 10.00 1.00 0.15
i 10.00 1.00 0.15
54 10.00 1.00 0.15
a 100.00 10.00 1.50
i " ' 2.50
4 10.00 1.00 25.00
B 50.00 5.00 0.15
il 100.00 10.00 30.00
i 100.00 10.00 7.00

T2 A

*_no safe problem
RS 1.0 pg/g 85, 0.1 g filfikl 2 545 10.0 pg/g
By, densUrE, BREE= (005 gX2.0 pg/g) +
(0.1 gX1.0 ug/g) + (0.1 gX10.0 ng/g>) =1.2 ug Pb/
Fs 2 Fr/d=2.4 ug Po/d (I IREERFRFE N 5 ug Pb/d,
FAIFF AR

TR S IR 2 A B PR s B A R ) s
RSB . R824 oA, ICH Q3D
OEBICE TN 4K T RuF AR EE,
LR N N SN T L (P AT pe ML /R R o =
[12RTem Bt I 45 2 AR AT 50, 4
S NTTA FITIB 2K, TA KRG M ARFER,
i EN T W AR IR 45 2538 AR AT VP, X0
FAFE. HH. AL &Y TIB 8. 8. . H1.
B OBK. BESE, XS0 E ZI RN N el AT B Rk
Az R IS A R VR R AR T TR W
B AL BEL B ML B B, TTORG AW
W), BRAEIZIC R AR JSORH — &0 2 =,
15 WITE TG AT 22 A VEVEGL o S T3 56 TR Sl 551 »
FEATT ] GBI N T0 3 W W] RE M1 75 HEAT XU 1
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