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Abstract: Potential impurities in pharmaceuticals could be produced during manufacture, distribution, and
storage and affect quality and safety of pharmaceuticals. In particular, highly reactive impurities could result
in carcinogenic (mutagenic) effects on human body. International Conference on Harmonisation (ICH) has
provided M7(R1) guideline for “Assessment and Control of DNA Reactive (Mutagenic) Impurities in
Pharmaceuticals to Limit Potential Carcinogenic Risk” and recommended an adoption of this guideline to the
authorities. ICH M7(R1) guideline provides classification, accepted intakes, and controls of potential impurities
in pharmaceuticals. However, since appropriate and unified analytical methods for impurities in pharmaceuticals
have not been provided in this guideline, most potential impurities in pharmaceuticals are still difficult to manage
and supervise by pharmaceutical companies and regulatory authorities, respectively. In this review, we briefly
described definition of unintended mutagenic impurities, basic information in ICH M7(R1) guideline, and
analytical methods to determine potential impurities. This review would be helpful to manage and supervise
potential impurities in pharmaceuticals by pharmaceutical companies and regulatory authorities.
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3.1.1. Acrylonitrie
Acrylonitrile °]2FF A oA 21HAA vh&
/\] ko 7 AR HE= Zé_i—’_ 2 A5 Fo3= acrylonitrile
2 Zholl A AL Eo] ARk Stzjo] DNAYV &
@azj_ur Ashs Wol 94 2 4 548 ztenh
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Al dolEE B3 FAA 54 +H7F A Aotk GC= 7= 4 Al&9 H“"ﬂ 2ok W
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gk & B FFEOR A EEES BFojorst o& Aesta, A&71¢ 745 da-% HA=7](nitrogen-
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S grom FAE 5 Qe 9H0E 25 2} metry; MS)E = A8otE A0E HIH AT
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gelsitt. 388 & e W] A FEolEd F 9} 72 A AlEY AE AR F &3 FFES A
AlstAY S &8 F e AP o=R st 28R 2 A AEHAL, A A FE BIEAE A A
Table 2. ol BE Fo 7|7Hd 385 HHF"

= 77} <MY >1~1270¢ >1~108 >10d~3 A
190 422 (ug/day) 120 20 10 15
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(A) cl

NH,
NO,
o.
~
— N
\/C/ e /O/ /©/
cl
acrylonitrile benzyl chloride bis(chloromethyl)ether 1-chloro-4-nitrobenzene p-cresidine
o H
)L OH |
Cl o} H N
~y o \/ DJ \T/ ~4 Cl
| !
dimethyl carbamoy! chloride ethyl chloride glycidol hydrazine methyl chloride
(B) ©
\ H
OH
aniline / hydrogen peroxide p-chloroaniline \ \ / ™~ dimethyl sulfate hydroxylamine
HO 0\ NN
o HO H
cl
(E) o} ° cl
Y Y \/ \/Br
H [¢)
acetaldehyde vinyl acetate ethyl bromide isopropyl chloride
- N
B’\/\ \\/ ~ +/N +Z
OH / \ N _ /N
N N N
2-bromoethanol ethyl methanesulfonate azide azido

Fig. 1. QEA Hol¥ EFE TP (A) TDslA AF A At B5E, (B) 9174 PDE AlXt £55, (C)
ol 2 A% =53 B4¢8, (D) 7EF &7 248, (B) 20199 F7F Ak & 71E} 2E

ol BB olstets 54
Al/PDE (ng/day): 6 CAS no.: 107-13-1 M.W.: 53.06 g/mol B.P.: 77 °C
Acrylonitrile 54 5 2 AFH YA A, e 3 0y o), i, Sk, A,
9Tl Bl f Aol A8
, AI/PDE (ug/day): 41 CAS no.: 100-44-7 M.W.: 126.58 g/mol B.P: 179 °C
Benzyl Chloride
=4 5 22E AF43 Walel 24 sieiy o
AI/PDE (ug/day): 0.004  CAS no.: 542-88-1 M.W.: 114.96 g/mol  B.P: 104-106 °C
Bis(chloromethyl)ether B4 E = 22 WA 7 U= 2Ale] 91514 Al
7F4 Al hydrochloric acid®} 71€} chlorinated 3}5HE2] 54 571 A
AI/PDE (ng/day): 117 CAS no.: 100-00-5 M.W.: 157.55 g/mol B.P.: 242 °C
1-Chloro-4-nitrobenzene B4 gF2a YA e w3l AAE 14,

7} Al nitrogen oxides, hydrogen chloride, phosgene, chlorine®] 54 571 A4
AUPDE (ug/day): 45 CAS no.: 120-71-8 M.W.: 137.18 g/mol  B.P.: 235 °C

p-Cresidine -
574: A AAY WP o, 71 A nitrogen oxideE E I AFAQ1 54 7S A4

Al/PDE (ng/day):
5, 0.6(&%)*

N,N-Dimethyl CAS no.: 79-44-7 M.W.: 107.54 g/mol B.P.: 167 °C

carbamoyl chloride

(DMCO) 4 AT A e] TR A, A o,

E)A] dimethylamine, carbon dioxide, hydrogen chlorideZ WH2A] 7}i-3)
AIPDE (ug/day): 1,810  CAS no.: 75-00-3 M.W.: 64.51 g/mol B.P: 12.5 °C

Ethyl Chloride
54: 5449 Wtz e dale) T4 g5 A8t s ke
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Table 3. Continued

olstets 54

AI/PDE (ng/day): 4 CAS no.: 556-52-5 M.W.: 74.08 g/mol B.P.: 167 °C

Hol g =<

it

Glycidol
B 7 2H o] HAo] A& HA, 1,2-epoxypropane X ZH-E] -2 gt Epoxideo]™ 13} Y&
AUPDE (pg/day): CAS no.: 302-01-2 M.W.: 32.05 g/mol B.P: 114 °C
. 39, 0.2(FA)*
Hydrazine -
573 78 5, dRYol Al e] 7153 HA, WA o] w9 ol AR, 85RO R AR E =
A
AI/PDE (ng/day): 1,360 CAS no.: 74-87-3 M.W.: 50.49 g/mol B.P.: -23.7 °C
Methyl chloride B4 Fu|slar GE23F WA A 215k A3 shx
oFE Az Al kg T 5 28, Al BA 84 T AL R $8&
i AI/PDE (ug/day): 720 CAS no.: 62-53-3 M.W.: 93.13 g/mol B.P.: 184 °C
nime

B4 579 T3] WA e FA 7121 dA), A8, ARRE 3EEE, 5 AR Sl &8
AI/PDE (pg/day): 68,000,
0.5%% =2 3t

4 g7z AAe] Lol 2ol th T4 oA, g AshA = A,
gujolel A2 B

CAS no.: 7722-84-1 M.W.: 34.02 g/mol B.P.: 141 °C

Hydrogen peroxide

B AI/PDE (ug/day): 34 CAS no.: 106-47-8 M.W.: 127.57 g/mol B.P: 232 °C
p-Chloroaniline
54: oK 9EE S9H90 obrl WAZE U 84 EE g ek 1A
. AI/PDE (ug/day): 1.5 CAS no.: 77-78-1 M.W.: 126.13 g/mol B.P.: 188 °C
Dimethyl sulfate
54 Fo 22 i A 715X A, 2ol sl #alH o] 2, sulfuric acid T4
AUPDE (ug/day): 2 CAS no.: 7803-49-8 M.W.: 33.03 g/mol B.P.: 70 °C
Hydroxylamine =, 2.2)0) 314) & 74 & Z& 74 24, wel2lo} 22 w4 Ee] A28 nitrification ¥
2 T4
AI/PDE (ng/day): - CAS no.: 540-51-2 M.W.: 124.96 g/mol  B.P.: 148-150 °C
2-Bromoethanol
=4 Shel gEe WAlel A, 8 g4 oA
Ethyl methanesulfonate  AVPDE (ug/day): - CAS no.: 62-50-0 M.W.: 124.16 g/mol B.P: 213 °C
(EMS) EA4: Tl Aol A Eo| A ethanol, methanesulfonic acid® 753l
. AI/PDE (ng/day): 32 CAS no.: 74-96-4 M.W.: 108.97 g/mol B.P.: 38 °C
Ethyl bromide — -
£4: olel2 e} AR WAlS] T4, 34 910 R, v, AR, SRRl BoR B8
) Al/PDE (pg/day): - CAS no.: 75-29-6 M.W.: 75.54 g/mol B.P.: 35 °C
Isopropyl chloride
54 FRREE A4 WAl 2 o)
Al/PDE (pg/day): 185 CAS no.: 75-07-0 M.W.: 44.05 g/mol B.P.: 20 °C
Acetaldehyde
54 A S9sle WA Y] B A A, FERAR o EN, F, 98, FF Ax 28
AI/PDE (ng/day): 758 CAS no.: 108-05-4 M.W.: 86.09 g/mol B.P.: 72.7 °C
Viylacetate - £23: g @ HA9o] she 24 A5 A, TUS SR, AF L4 Eohad P59 =
B Azl 4
i AI/PDE (ng/day): - CAS no.: 12596-60-0 M.W.: 42.02 g/mol -
zido
573 ool o] FA R ARG, 714 radical el
i AI/PDE (ug/day): - CAS no.: 14343-69-2 M.W.: 42.02 g/mol -
zide

5: RN 41871, 3972 gl

Table 3 W 2Fo}: Molecular weight (M.W.), boiling point (B.P.)

%2 ol /1%
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59| AS &ulE A3 & F A7, SRV 94
TEE ol &st g & #4E dsts AR
B 35T 302

3.1.2. Benzyl chloride

Benzyl chloride= -3 3&A #7] 3}8E(volatile

organic compounds; VOCs) & 32 Ze}22g 9] A
Z Al H7bsEe EaA], A= AE, 3713847,
7HE T ThFE Al FAA VOCs7T BHEHE ZleR
4 A 9lth wEbA, Benzyl chlorides 29HAd &2
2 sub-ppm T2 A A A H3lE o] A7t
Qe E3 o]t} Benzyl chlorides 318H4 74 9]
v 3 Y Bt veide oFESH A H A
71A] o] EEEolBERE GCE o]&3l 4%t 53,
HS-GC= A= W9 v 3 JE8 Haseta

Al de] AT £240] Hof wjE -’:"3 s
oo AZrtEI D)ol &% 4 =
T Ao Az Ee FA ot %1%1 ol3t A&
(flame ionization detector; FID) &-& x|} 3 =
(electron capture detector; ECD)E L]
ppm T8 AE & FHI} 7bsety EE7
Eof gt A8 A& A=rF A4 JERdth
AU AR AXEHLEE liﬂ” v Al
H(solid phase micro extraction; SPME)2 &-&3}=4
ol R &nie £48 F=d §olsta, ppbit
ppt T W AF =429 A¥E Jhesith B
5| Q] T} 7

3
oo fomoh > NN o NN

3.1.3. Bis(chloromethyl)ether

Bis(chloromethyl)ether (BCME)+= T-¢- -2 459
M ool PR ARkAQ A 989l
A xR EA ETER ANE T U
w2 BCME SAS 918 A £47H 9] o]
279k BCME?] 71& A8 AAE] ¥yezes &
2 FEE &85 Wo] AAEAL o] WL e
T T AEo] stEstthe Fdol AUt o] F,
AZvtEa e B3l MHeE E8420 24
T3t FF FHAA 2 & FEA S ol
BT 443 A5 AAE 8-S AR AgE=
GC-MSE AREgE #4002 £ & 7h=ef A9

< gEsIATtL B

3.14. 1-Chloro-4-nitrobenzene
1-Chloro-4-nitrobenzene (CNB)S 2 H7HA, o] <F

Vol. 35, No. 3, 2022

i

F, 5 2 e setAlFe] Aol 2 Tk
o Bewolrh. &g 23 AFES] ﬂP‘*%
A e 4= 9171 wiiEel CNB9| =

of ¢ ApAo A A FalEA ¥ "Jiﬂﬂ] o -5-
Faliatr] wiEol Rz EAR ] sido] Fa st
CNB 34 < flslix = 245 A =2
(high performance liquid chromatography; HPLC) &=
GCo & A=, A& Ae 9 5oldo] ¥ &
ol Abgo] Ths AL R, AE A B 5
73, W& B A7 Hzto] Hojd x718t8h 1A 7%
o] dg] Al8-=+= FA o]t} CNB2 carbon nanohorns
(CNHs)/5-CD nanohybrids A& £33 A 7]38H2 Al
Jo]l AEEATh CNHE H2 WA =2 A
Ag 8oz Al %] 432 f-CDS CNHs
S ONHS| RS ) 13 Helol o we Y
21t} CNHs/-CD nanohybrids
A= g os Axd 5 211 CNB 74501]

%3

é

3.15. p-Cresidne

o}l% Y& (azo dye)= aromatic aminesS 3| 2
== BEAE SPE, ooE, Tol ¥ 2 AR
2 OgE &5 "}9‘5]7(] T EH HAVHEEA
EAS do77|% 3t} upgk= ol wl(aromatic
amines)®| ov|=7|= AH o2 Shitabn thil g )
DNA®| &8 do7)= stol=84omls AT -
716l =A< T4 (International Agen cy for Research
on Cancer, IARC)ll ¢l8] #FajZ¢]l wetada 27

2 o= =
CEERRE R R

%’3 2 UEY
Aol & AFA, Sold 2 HEA FrUt kg
GC-MS XS 2435}

3

i Elﬂ 9}1: .45,47,48
Z71%el ¥ olele] S4& GC-MSE ol%
Bl WS 8T, 42 Aot 54 SR
o BHo FEaA B2 & 9lo} AP AR AA

2] A o] 2 FHU* p-Cresidine?] A& HAA =] 3

¢

A

e

Bk
W .o
=
H

RIS

=

A

)
=
2
G2 ofule]

¢

o
o
o)

e - |o

!

)4

4 % &S]l SPMES A& ThE mjEg 29 B
A&t o way e g 54 sehed

=AM, AlE S RS XS] bl 7L
& IRt dsdEn. bg& Z%HM %A& N A A
Al B M FZ % (dispersive liquid-liquid m
DLLME) 43 Zl-%jé]—
24 24 3¢

[
1= 24 42 AMgHE= mAl 5 Rt

N
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DLLME?] & 384 & A4 A &9 A
Aol m§- nA e ez AN TE B4F &4 A}
SollA vEHTY HIEJCEY o] & Fak o).

A v A2 (binary solvent dispersive liquid-liquid

micro-extraction; BSDLLME) 2 &30 ®o] B35
A RYAN, T FH o] FE LE ARFSE
= 385 NAE = Jde vt

LR DRSS
40l o] A7 717} 9

3.1.6. Dimethylcarbamoy! chloride

N,N-Dimethylcarbamoyl chloride (DMCC)< &4 &+
ShAlo] A} Bd ook W AFA| A|ZRA FZHA
AMEEAL e B olth ol 7] e W
S 7= Vilsmeier reaction 3} 4] chlorination &
N,N-dimethylformamide (DMF)2] ¥t-$-o 2 A o}
IARCO|X DMCCE &A1 2?1l et &2 = EFshal
o] o]Z FAlalloF & F 27t =T, Vilsmeier reaction
sloll A A El= DMCCY] 3§ 52 dRbEQl
AMoge= HAEHY] 5 A== wlg vlFo|h
7] % ppb FELZ v EA5= DMCCY] B4 &
GCE A& w47 FFEA S 913l proton nuclear
magnetic resonance ((H-NMR)Z} GC-MS¥¥o] &
H Atk 'H-NMRE 483 A& 42 7k 3l
T A 2 & geotshe AXEHH S o8
gom, A3 A3 Vilsmeier reactiono] 4] DMCC
A 24 F ATk RSy

2
X oo fu

w oo
2

ofl Mz

2~

o 1p

3.1.7. Ethyl chloride

A8 oldshAl B S whEA] Azl AR E
ethyl chloride™= HIH % JHAHA AE &< ziprasi-
done hydrochloride®] 994t A A ollA HAY 8=
alkyl chloride A8 E<&E % 3Fybo]th. Ziprasidone
hydrochloride W] 2] ethyl chlorideS #24J3}7] $3&}o]
23 A8 AP EE 2 mLe methanolS 98
mL2] DMSO°|| 8]43te] &gt &4 AUl A=
& A ste Wgol HAuEJoh? dnkd oz 4%

°ll ethyl chloride®] &4l A& A&7} Wol 44
skAl Fetrh mEbA B4 Fall A 2T ethyl
chloride A1 5= 7H €857t =11 g AR 7155
GC-MSE AHg-sto] A sh= FAlolth?

o

3.1.8. QGycidal
Glycidol> IARCHIA &7 LdE4 5 Group
209 &3 EAE QA e tig A
AgtH ol A ¥t FE LAl st F7
A F shelth Glycidol> &
2 BA FAHANA B ETER
A3, olEA AHE glycidole AHNA lipase©l
o2 M= Aol 7+ &4 FF
YA ATkH AF W SRS glycidol®]
F2 0 2 AlR uloll 2-monochloropropanediolester
CPDE) ¥ 3-monochloropropanediolester (3-MCPDE)
| 37 FESHAL Slo] AWrAl AA g
S g Y7t 43| o]FolAA FS F W o
of A5 AR ot AEE FEIIE
14 & (solid-phase extraction; SPE)* B-3= matrix
solid phase dispersion (MSPD)E & §-3}o] Al52] A
AYE AAgTh HEFETH F54 glycidold] #
J o= heptafluorobutyrylimidazole (HFBI) %= 3}
AL Tl ANEFUTY LEEE A LFHA F
g3 HAAdS =<2U GCtandem mass spectrometry
(MS/MS)S ©]-&-3 A o] s e}

WO oM Ao
2 o % ok
> e K
o
o,
O
)
T
Jo
10
my v

od, o 1o
L Z oo
i o
r- Ac)
4 ot

KoM oD

X

3.1.9. Hydrazine

2o WA Ut 4714 BE9 Hmel (hydw-
zine)2 nifuroxazide, carbidopa, imatinib mesylate 5 2]
oJoFE 9 Al Aok ® ARG-EITE USFDAOIA 2t
Aek IAA O @S A& (hazardous or potentially
hazardous constituents, HPHC)oll &= &Hl e} Eujad 7] A
o] Z3E 3, o] gl 17] el sl=2kd (NHy)

HI=Avh” v A% 22 = resorufin acetate

il

A

=42} dichlorofluorescein®] A2 71=E3| & o]
23t

i

=

=

718 AP L, sty FeAFLE Al
Zratelr] Sial aokel wils wdaA ol Alst A
|ty B uEgrr0l s salle) Hal Bamo g
= ol e ¥ 5olA, A =S gusy] f¢)
GC-MSE 83t 24 Ho] 2 BHIF I u}6es
HPLC-diode array detector (DAD)9} GC-FID2] 73-%-

3

W2 ppm FEAA s|=ElE B4 sl A9
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rO
o
N
e
4
%o,
rr
-
a
£
5
oo
]
Q
A
it
i3
oo
ot
M
1%
iz =

3.1.10. Methyl chloride
7] F WEH 2R 3}E(CH;Br) 2 3k €(CH;CI)

2 A% & AHE v g BoE A A
=% ol5 EELe FE AA AN fasin,
3] dHwto] JAf1H oz wAS, dshE A4S
23 AR AABHOZ = purge & trap 71HZH HS-
SPME ®Wo] B =it &3 oA st g
o] MiEHS A Fstslr] 918 #-&% HS-SPME= 7H

o
shar, w2 s, vIzkels, A o)A, W] vt A o] 2}
Zxo] 9tk AAE SPMEY 5 ZEjtdg A=
4 712 EA(PDMS/CAR)Z 22 &3 SPME

=~ E%

of Wit S f7] ke FE0 slo] '@
g)

[¢]

SPMES! PDMSHE T} X &2 Ao Z HIEHSG
S ZEHET ¢ & 9 3 f7]

"
o

off o
ofth

oo ol b Todob G R oof oo (R
ﬁl‘}i o
fe
=g
o
<

w
N
12
Rl
12
00
i
rx
=)
30
rir
o
He
Mo
1o
-
@)
m
3
>
IE

Al x93 , |
T AT AN E FHSIEA SEEH AThS )
2, Ttz etge] B4 | £F 0H9S T ¥
AarEl Ao 546 AHAA 9FE HA7IE St
HoEE 54 9 dgHeRE A BAY e
ZT oAl YEEI Yuk® opdA S HAlsty] g
HA EAHOR thFe A" A ARE AT
st FH $sHA €853 U= Fourier transform-
infrared spectroscopy (FT-IR)S -8 W o] RIlH
ATH FT-IR 24 A8 Al AR A2 39 A8
£ f718miet s & /ISt Zel2E 455t Tl
235 vHEo] Ao Hg3h= Wyel RaEIh”
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HPLC-photodiode array detector (UHPLC-PDA)E &
gt A BAsk= wWiel AA =AU UPLC-
PDAE #-&gt Wi ol AM8-HY gravity-elution
column chromatography-spectrophotometry X.T} &
ol B e, WEn, E 2o 492 4L 5

STk B seleh

33. g4 W =&s 12t 51&7ts sl

3.3.1. Hydrogen peroxide

ksl oofR AR HPAAM FIHAZ AR
He B2, 44 AT Ak e 4t3)
2 R E 7 e 3 vkgAd A ofo|tt. whEbA,

= =2 T M
7] w2

oFEo] B84 b

¢

iy

ofk

o 2] 2=
5 A F
Sl=

=)
)
B
lo
G
A
T
o 2
N, 2 ry e
o lo g
_m« F?li 19 X 1’>’ of,

N Iy it
2
o ot
* o

ofN

fo

ol

4

)

O,

e
a2
=2

o
oo
_0|L

Ir
o

19 ok
o
f
Rl
it
o
r)

5
[
1o
L)

o
il
N
N
o
rr
z
fr jo 2@ > 2 4N 1|

ox
;i
2
ot
N
B>
e
My
o
TFUE'
k]

2 AEY F Jde
ZAOITE? O ot
coulometric ECDE £
= 7]1¥9] HPLC %
R ERC

>
oE dfo
o

HPLC #49 o] A5
. LC-dual channel ECD, LC-
FAYNE Bl of
d e} olE4ge] 7H4

MAdsks Fde Zkal Al

-

e
oo
ot

i)
9

I

T

e
©

o] RPARZ AHE F FRFsle e o] sk
A A u]$ w2y H3sy Hasgr BaE

gil:]_ 5.71,73.74

34. 7|ElE2RT

3.4.1. p-Chloroanine 2! p-chioroanine HCI

Aslolbd @ (p-chloroaniling) ¥HEZ =2 A] A

, 1 AR

743 wAY
Ao

[e}
FE st U A8 714 7ML A

%3} methemoglobin &8 F13s
AE F2F0] T2 TF B4

L
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g oFEo|A] AR, Hi Ak
AF4EA 21 chlorhexidine®]

A<
-
A sjoldd e BAa] 9
o
u

M tle
)
2
i
fu
e
ol

3 o E pHE 3002 g ¢ o &
AHE-atE W o] AA = AJTEH o

o
O+
= i
ag ool
% o =
- =2,
P e e & g AL

]

oo

_(|)1_1’

M
_L>|'.,='=I'_1
ot >
o
Iz =2
k >
L)

34.2. Dimethyl suffate

e ZKdimethyl sulfate; DMS)E & 2FE &7
ol drtE o2 AL EE GUE A oF F shtel
Th DMS9] 1A S obF 9 e o34
A7} FEskAl GARE 1A o) gk A A et =4
2 EFE” webA ok Yol BEER &
=% DMSe] A el Hash, HZod= G
MSE &-8-3F B2 o] AAI= L ek wA] ook
24 9 S (active pharmaceutical ingredient; API) A
oA APl F7HAI7} &4 A5 WEY A
sl817] 18] LLES £8 ARl 4A28 A,

<

AEA F2 §AS A7 QAR F §7)

o Mz ofN o
2

]

& AA g A S AloFo R FERE(n-butanol)
183 59 AdAZ A-8-5 = hexaconazole®l A1
headspace & Hlo]gol| 27 DMSE FeHE&-S ARS8}
o 4Z3}sle] HS-GC-MSZ DMSE #41& A A3}
AT o]2 st API A HA oA A5 WY 9ol
T $AFo]A DMSE 45k Hyle =
methyl ester (a-SME)el A & 2F-S A1-8-3])

=3 5 GC-MSE 4% At A4 B
DMSE #X3t= o] A = AcES

-sulfonated

3.4.3. Hydroxylamine

S| ==dolql (hydroxylamineye 17F, &, 229
A 54E verd 7FsAdel A
Hd @729 HolE /s
ppm = A7t Do F
T3 hydroxylamine2] 7 %
A A2 BA), e A4 gslety 540
2 Q3 4oz EQrgetal Yol FHE A =
AE A = EAo] Uok¥ wpebA, hydroxylamine2]

R
3
e
g
i‘ Of
9,

>
=
Ach

-

= i |d
ox
2

[e]

ad

k4

o

2

X

gy

e 2
o 1

A B A AEY AAygel wek GC-MS,
HPLC-UV, LC-MS & thsHA| vhdh o ofE AlE9
HAAHEZ AFSEA & A18-3F hydroxylamine2 NO,Z
At FHsl= AT, vheo] =2 2o 9
ol 714 Y ES DAY I|EE GCE o] &3] &
AL gt B E TS o okFE AlF 9 MAE A

API®] R E =7] 98] AHE AA SEdvE &
23 ¥ fEAsE dAjshs 79 HPLC-UVE A&
Sk A o] AAEATER AR AT Al FEA|s) A
S 55 AHE-SHA] @ 7% hydroxylamine®] H]@
A BE 540E A UV 7IF AEo] o
H g4a Y97} §lo] FIDO] A8 % ofH 7] ool

LC-MSE A&3 24 AAgthar BaE ety

35. FIt 2ty =8

3.5.1. Acetaldehyde

o}4| E ¢8| 3] = (acetaldehyde; ACD)= &S
frtsls 354 ddEZ ot} Angiotensin receptor
blocker®! candesartan cilexetil (CC)E AT w 1-
chloroethylcyclohexyl carbonateE ©]-§3t o 2~H| 23}
DA ACD7F EEZ A4 E 4 9t ACDS
735 AEAE, vdAaT EEE - AR AR
£ KA &g A% A4 oE o] HEER, FEA
3t AlE AAHES 483 BAo] AAFH AT 4t
A 271 s}l 2,4-dinitrophenylhydrazine (DNPH) 5=
A s} Al eko] ACDS] 71RE 79t F=A 3 vkE-35le
HPLC-UV A& &4 at= WHAY 0-2,3,4,5,6-(pen-
tafluorobenzyl) hydroxylamine hydrochloride (PFBHA)
A okS A83F F A3 3 3 static headspace (SHS)-
GC-MSE &3 £4Wo] RuHThY

35.2. Vinyl acetate

Z2F 8] (vinyl acetate; VA)= IARC®l|A4] Group 2B
ek BEAE BREC VAR Z8 22 HE (poly
vinyl acetate), 2] H]'d YL (poly vinyl alcohol),
T o€ H)d ol E o] E (ethylene-vinyl acetate
T e FA Y AP A Al ALgEE EFEY
TEZ TAY 7HeAdo] derg AHg BAHY

Wo] sttt VAS 457 A% Alg ARy

2 Xx (o X g 9

Analytical Science & Technology



Analytical methods to manage potential impurities in drug substances 105

2 A71E T & &vfol] mof A= WY
739 selected ion monitoring (SIM) 2 =9] GC-MSE
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35.3. Ethyl bromide
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