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(467) RESIDUAL SOLVENTS

(Chapter under this new title—to become official July 1, 2007)
(Current chapter title is (467) Organic Volatile Impurities)

For pharmacopeial purposes, residual solvents in pharmaceuticals
are defined as organic volatile chemicals that are used or produced in
the manufacture of drug substances or excipients, or in the
preparation of drug products. The residual solvents are not
completely removed by practical manufacturing techniques. Appro-
priate selection of the solvent for the synthesis of a drug substance or
an excipient may enhance the yield, or determine characteristics such

as crystal form, purity, and solubility. Therefore, the solvent may
sometimes be a critical element in the synthetic process. This

Chemical Tests / (467) Residual Solvents N

Class 2 Residual Solvents: Solvents to be Limited
Nongenotoxic animal carcinogens or possible
causative agents of other irreversible
toxicity, such as neurotoxicity or teratoge-
nicity.

Solvents suspected of other significant but rever-
sible toxicities.

Class 3 Residual Solvents: Solvents with Low Toxic Po-
tential
Solvents with low toxic potential to humans; no
health-based exposure limit is needed.
[NoTE—Class 3 residual solvents may have PDEs of up to
50 mg or more per day.]”

" For residual solvents with PDEs of more than 50 mg per day, see the
discussion in the section Class 3 under Limits of Residual Solvents.

General Chanter does not address solvcni;libcratclv used




ABAHEA 104 S H 15 H

TFDAOO0021.00

vk — 8 F R Y X R T R
Method of Test for Dichloromethane Residue in Coftee

1. sBA . E @ A F KB A Horded — & F t(dichloromethane)z

2. Bk Rl gm0 B B3 E M R AR AR AT E R (gas
chromatograph/mass spectrometer, GC/MS)&e 418 % &
% 25 (headspace sampler) s #7 2 F 7% -

~ YFDA

q\? & EiE 30
C YDA BaENERE s ZASMILENEZE http://www.fda.gov.tw/

Food and Drug Administration



25 REEERRZEY
B F 13- F JK-2-vkodok B HE A I0mL P 0 AR
IE—RFIREI R ENIFEZEDLY 10 mg - H#EMHELT » B 13-
ZF AR-2-vked ok B A 0 R Y A NIRERR AR
BriF c BRI P ECGA E N EREZ A _F R EHMEE 20
ng/ml » H4F P 3RAR B -

26 BEERZ BY
Fe il # 13- F KA-2-sk ok k@ B A IO mMLE FHRF » lm A = fL
F e BA AR E 20 mg M #EAE T > B X]13-ZF K-2-skek
WAL 0 R Y o AR ERIR > A BITAE o B IFEGE
FRERR AT A EAMEE20 ngmL > BEAFRFEER -
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Table Il
Common salts used to decrease
matrix effects.

ammonium chloride

ammonium sulfate
sodium chloride
sodium citrate
sodium sulfate

potassium carbonate
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Table |

K Values of Common Solvents in Air-

Water Systems at 40°C

Solvent K Value
cvclohexane 0.077
n-hexane 0.14
tetrachloroethylene 1.48
1,1, [-trichloromethane 1.65
o-xylene 2.44
toluene 2.82
benzene 2.90
dichloromethane 5.65
n-butyl acetate 31.4
ethyl acetate 62.4
methyl ethyl ketone 139.5
n-butanol 647
isopropanol 825
ethanol 1355
dioxane 1618

= EARE =P EFN

ZE BEZRD

Figure 2
important variables in
'space analysis.

Equation 1
oefficient (K) = C/C,

Equation 2
Ratio (B) =V /V,

n of analyte in sample phase
n of analyte in gas phase
ample phase

as phase

it IO =t 5 =7 B4 ATy NLLP:// www.taa.gov.tw/
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Beostim# g & 1 80°C -
A AR 0% 0 20 min ©
EAREAR C lmL -
TEXEARESEHEE C85C -
$HiR B 1 500 rpm -

E G4t SR 2 100 ul /s o
ESHERESRE 150uL/s o
ESHEHE ENER f 30s o |
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AAB G AT E SR T AR
B 74 tDB-624& da %> MR Z 1.4 pm> M 420.25 mm x 60 m e
BATERE A 45°C 0 1 mun s
gk & D 10°C/min ;
#8 1225°C > 1 min °
s AU AR © 1.3 mL/min e
EANBEE 240 -
frd @ : 220C -
BEFREE 230C -
#F IR - E F 4% % (electron impact) » 70 eV o
AR pi(sphit)y o 41 e
R ALK, ¢ 3 4F M 3T 18 0 (selective 1on monitoring, SIM) »

HREETFJoF
CR R HEBT () EHEET(nk)
—RF I 48 50~ 82
b =#F k(LS. 90 -
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Figure 6: Gas syringe system

Step 1 Step 2 Step 3
Sample reaches Sample is extracted from Sample is injected
equilibrium headspace

Figure 10: Pressure-loop system

Step 1 Step 2 Step 3
Sample reaches Sample is extracted from Sample is injected
equilibrium/pressurization headspace
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Counts vs. Acquisition Time (min)
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x10 2. Noise (PeakToPeakDrift) = 1.75; SNR (6.737min) = 304.3
ol \ 6.737

x10 2 Noise (PeakToPeakDrift) = 0.98; SNR (6.710min) = 825.1
| 6.710
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1432.0
1425.4
2685.2
2618.6
5912.6
5962.8
13998.3
13911.0
39183.9
28830.8

=1

Standard

Area

m/z = 90

3954.6
4022.1
4240.0
4081.3
5034.8
5049.1
5539.2
5514.6
6347.1
4684.0

~ YyroA

y =1.2235x + 0.0436

Response ratio

Calibration curve

R?=0.9994

Mass ratio
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Area Cncn. (ug/g recovery (%

repeat

7220.41
6595.51
7579.65
7970.02
7990.99
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3534.73
3245.74
3773.81
3854.35
3734.19

2.0427
2.0321
2.0085
2.0678
2.1400

1.6339
1.6253
1.6060
1.6544
1.7134

%RSD )

& http://www.fda.gov.tw/

81.70
81.26
80.30
82.72
85.67

82.33
2.50




FoZ N0 FPER A

(B)ﬂ‘ 40 0.5 mg/kg

Area Cncn. (ug/g) | recover

2705.00 4222.57
2856.22 4240.10
2789.63 4081.30
2757.97 4026.30
2831.82 4203.63
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0.6406
0.6736
0.6835
0.6850
0.6737

AVG
%RSD

=y

0.4879
0.5149
0.5230
0.5242
0.5150
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1017.6
1030.4
1047.3

971.9
1041.3

3868.9
4302.5
4237.4
3345.4
4299.8
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0.2630
0.2395
0.2472
0.2905
0.2422

AVG
%RSD

=~

0.1793
0.1601
0.1664
0.2018
0.1623
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Area Cncn. (ug/g) | recovery (%)

89.67
80.05
83.19
100.91
81.15

86.99
9.91
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S018 Starbucks At
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o S I IVI x10 2 |Noise (PeakToPeakDrift) = 1.17; SNR (16.058min) = 495.5
8.723
4,
* m/z=60 -
Z —
2,
1. 10.144
°® S I IVI x10 2 Noise (PeakToPeakDrift) = 4.43; SNR (8.723min) = 117.1
61 8.723

* m/z=45"

x10 3 Noise (PeakToPeakDrift) = 5.42; SNR (8.723min) = 109.6

* SIM .

o VS P N

\/O ﬁiﬁ*“g& 78 8 82 84 86 88 Cogmsvs.gfcqmsﬁi‘.gnTinie(min)g8 10 102 104 106 108 11
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Name Data File RT Resp. N

A045 A045.D 8.77 1861634

i
g/

1

2 A039  AO039.D 3.76 o \ 38 A049  A049.D 8.74
3 A044 A044.D 8.74 1035317 \ A 39 A022 A022.D .76
4 AO46 A046.D 8.74 382892 N\ 40 A002 A002.D 8.74
5 A058 A058.D 8.73 852173 \.“ \\ 41 A005 A005.D 8.75
6 A060 A060.D 8.74 385104 '.‘. *,. 42 A025 A025.D 8.74
7 A013 A013.D 8.72 339061 A 43 A028 A028.D 8.73
8  A038 A038.D 8.72 295276 LR 44 A019 A019.D 8.74
9 A016 A016.D 8.71 280969 L '| 45  A023 A023.D 8.75
10 A043 A043.D 8.73 230801 Y |' 46 A015 A015.D 8.76
11 A055 A055.D 8.73 217156 A 47  A033 A033.D 8.73
12 A059 A059.D 8.73 208255 4] }48 A034 A034.D 8.74
13 A036 A036.D 8.73 35422 i l :3 ﬁggg iggg.g g.;g
14  A057 A057.D 8.71 25327 L} : d
15  A021 A021.D 8.71 21696 A026 A026.D 8.75
16  A051 A051.D 8.73 13718 A053 A053.D 8.77
17 A054 A054.D 8.75 13578 A027 A027.D 8.97
18 A024 A024.D 8.75 10303 A035 A035.D 8.77
19  A020 A020.D 8.73 6218 A006 A006.D 8.76
20 A037 A037.D 8.75 4808 A010 A010.D 8.77
21 A047 A047.D 8.75 4224 A008 A008.D 8.79
22 A032 A032.D 8.76 2708 A007 A007.D

23 A040 A040.D 8.74 2440 59  A012 A012.D

24 A030 A030.D 8.75 2327 ~— ,
25 A041 A041.D 8.73 2137

26 A001 A001.D 8.77 1524

27  A004 A004.D 8.75 1373

Za aniﬁ A‘)SB D 872 1363
A042 A042.D 8.73
30 A014 A014.D 8.72
31 A048 A048.D 8.72
32 A017 A017.D 8.76
33 A052 A052.D 8.75
34  A029 A029.D 8.80
35 A011 A011.D 8.83
36 A031 A031.D 8.75
37 A018 A018.D 8.73
&) &
’ —_— - - - n - -




volatile
analytes

sample, dilution
solvent, and matrix
modifier

Figure 1
Phases of the headspace vial.

G=the gas phase (headspace).
The gas phase is commonly referred to as the headspace
and lies above the condensed sample phase.

S=the sample phase.

The sample phase contains the compound(s) of interest
and is usually in the form of a liquid or solid in combina-
tion with a dilution solvent or a matrix modifier.

Once the sample phase is introduced into the vial and the
vial is sealed, volatile components diffuse into the gas

phase until the headspace has reached a state of equilib-
rium as depicted by the arrows. The sample is then laken
Jrom the headspace.
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Figure 2
K and B are important variables in
headspace analysis.

Equation 1

Partition Coefficient (K) = C/C,

Equation 2
Phase Ratio (f) =V JV,

C =concentration of analyte in sample phase
C,=concentration of analyte in gas phase

V =volume of sample phase

V,=volume of gas phase

Table |

K Values of Common Solvents in Air-

Water Systems at 40°C
Solvent K Value
cyclohexane 0.077
n-hexane 0.14
tetrachloroethylene 1.48
1,1, I-trichloromethane 1.65
o-xylene 2.44
toluene 2.82
benzene 2.90
dichloromethane 5.65
n-butyl acetate 31.4
ethyl acetate 62.4
methyl ethyl ketone 139.5
n-butanol 047
isopropanol 825
ethanol 1355
dioxane 1618
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B fER D120 o
e B PEFER D 45 min o
A 1mL e

Er e RANE R D 125C
¥ A 500 rpm o
AP AEE A 100
S AEAL S R 150 1
SR PET 30s -
# AR R 47 R LiE
B 173 : DB-624% ‘g -
KAt R 4R 145C 0 1
R # % 0 10C/min ;

R 1225C > 1 min e

#F# A3 F orid 0 1.3 mL/min o
A~ BER 1240C -

fim R 220C -

w3 RE R 230C -
i3 0 3 3 # (electron imp eV o
4o R A R(split) 40 1 o
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x10 5 |Noise (PeakToPeakDrift) = 13.43; SNR (6.585min) = 3090.2
IRl
0.8+
0.6
6.585
0.4+

0.2

0-

x10 4 Noise (PeakToPeakDrift) = 10.36; SNR (6.545min) = 3910.2

: 6.545

4
3
2
1
ol /\ A
7 8 9 10 11 12 13 4

Counts vs. Acquisition Time (min)
GCASA 1 (DR 52 (B 9

) FEiEFE oz d p IR ST Y (S 2 BIFH o
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Name Type Level
blank Cal LO
10ppm Cal L1
20ppm Cal L2
50ppm Cal L3
100ppm Cal L4
200ppm Cal L5
500ppm Cal L6
1000ppm Cal L7
~ @EEEFE

RT

6.60
6.60
6.60
6.61
6.60
6.58
6.60
6.59

RERENERE muEZASHLEHNES

Food and Drug Administration

acetic acid Results

Final
Conc.
0

3
15
47

102
216
517
088

Resp.

6689
28847
71487

181668
247796
478276
1092163
1978477

15
33
48
146
522
1992
1229
3568
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Relative Response
®

@c acid - 8 Levels, 8 Levels Used, 8 Points, 8 Points Used, 0 QCs

y =0.008942 * x + 0.109401

9 R"2=0.99902352

Type:Linear, Origin:lgnore, Weight:None

0 100 200 300 400 500 600 700 800 900 1000
Concentration (ng/ml)
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HRKEZE BEZD

QA005 Sample 6.56 2600 740043 Infinity

(A) ”T 420 mg/kg QA014 Sample 6.57 1023 1323064 7050

QA052 Sample 6.59 526 721054 2464

20ug spiked RT Final Conc. Recovery  |QA028 Sample 6.59 411] 420033 1601

R20V01 6.598 22.34 111.72  |QA025 Sample 6.57 315 172424 1435

R20V02 6.598 22.66 113.30  |QA019 Sample 6.57 279 350006 Infinity

R20V03 6.598 19.82 99.09 |QAO11 Sample 6.57 256) 317319 6479

R20V04 6.598 2372 118.59 gﬁggg gamp:e g-gg ggi fgi;ﬁj 12(1)2

ample .

R20V05 6.598 26.91 1345487 19A002 Sample 6.60 219 105445 13

Average 115455 I9a015 Sample 6.59 216 121067 Infinity

%RSD 111 QA022 Sample 6.58 164 117932 768

QA003 Sample 6.58 163 159037 Infinity

QA034 Sample 6.59 134 102260 542

QA008 Sample 6.56 122 86931 1731

QA031 Sample 6.60 119 157063 511

QA050 Sample 6.58 118 81520 353

(B);‘;‘J: 40100 mg/kg QA042 Sample 6.58 113] 67973 374

: QA018 Sample 6.58 106 88088 138

100ug spiked RT Final Conc. Recovery QA010 Sample 6.56 70 23121 88

R100vO01 6.598 81.97 81.97  |QA035 Sample 6.56 68 14830 139

R100V02 6.598 83.48 83.48  |QA007 Sample 6.56 67| 51257 246

R100V03 6.598 84.03 84.03 QA026 Sample 6.58 63 52805 190
R100V04 6.598 84 .51 84.51 QA027 Sample 6.56 63 22945 286 it 1

R100V05 6.598 79.93 79.93  [QA017 Sample 6.58 41 44044 52

Average 82.79 QA012 Sample 6.56 37 15216 73

%RSD 224  |QA049 Sample 6.57 29 34205 104

QA006 Sample 6.56 23 14549 39

e p— QA023 Sample 6.58 21 24643 138

\/ @ E ﬁ *I.l ﬁB QA048 Sample 6.57 15 28596 82
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