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a9y 1.

ayg 2.

a9y 3.

Iy 4.

a9 5.

19 6.

29 2 A

A, AbAl, AAe LLE 4 24 - - - - -

FZ=gujo] W& spiked blankol A PAHs 34§ - - -

i

16714 PAHs %o w2 m39] WxuE vl A= - - -

By Ao A3 chromatogram ¥Z - - - - - - - - -

2bA el A3 chromatogram A& - - - - - - - - -

dAe] A¥ chromatogram ¥& - - - - - - - -
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CWHO 2 EPA® PAHs SA A - - - - - - o o oo 2
C 2 Ao EA4" 16 T PAHs - - - - s s 3
. Gas Chromatography =44 (GC-MS) - - - - - - -9
. Selected ion groups of PAHs in GC-MS-SIM analysis - 10
. PAHs 100, 150, 40 ng/mL %2} spiked blankell A recovery - - 14
. 167}# PAHs #H %49 Linearity, LOD, LOQ - - - - - - - 16
. PAHs®| intra-, inter-day A&, g44 - - - - - - - - 18
. SA = A PAHs®] intra-, inter-day &4, AdA - 19
ook 497719 tigk 16F ] PAHs H= - 23



thsh e Eksl 4= 4 (polycyclic aromatic hydrocarbons, PAHs):= 274

7 P2 84 2 T4 Y42 o]FoAd {713t

eSS welth 423t AdS AW PAHFE PAHO 2%y, N, S,
&

09 U2y o= ¥3st= 7|1= 71 sEl 2 33E (heterocyclic)

%
8

100F ©]/¢ PAHs7} Ay, dwrA oz @ 3t&Eo] ofd &%
=9 dH=E A%t 54 ARl o

benzolalpyrene®] 50%°] ¥al X, I T 175 UE AHEEol vl
a7 2 ZAe=m o4l¥ar, PAHsS A& A9 fFalasE yehiddth =
3w 374 A (US environmental protection agency, EPA)S ¢}A] o
<Aste] PAHs < 4 didEZAZ 165 AAFsded, 10 F
benzolalpyrene, benzlalanthracene, chrysene, dibenzlahlanthracene &
< FAEEAY FIEdE HEde Ao E deA A (F 1)
oAM= F: oA PAHs & 54 7bd g

o AH A7) wiLel thae] o ofs
PAHs7} A& ¥ =AE Lotz kv

ofobE M=ol A, A NE ookE bdvte] AAUgS 284 of
E7HA (effective pharmacovigilance) S 53+ AF714 @ AAZ H3Hs}te]
grom nj=ro] A9 Qa3 ZH(risk evaluation mitigation strategy), 9
A= fa] & Al (risk management plans) 22 A =7} Ald ¥ Qo w)
oA Euete] ofekEAtY S ool Aok ookE b vke] Ao

e o AFHoz AMYAL wAs Ug et 4 Helh ()



Korean Med. Assoc, 2012)

No. PAHs WHO EPA
1 Naphthalene - 0.001
2 Acenaphthylene - 0.001
3 Acenaphthene - 0.001
4 Fluorene - 0.001
5 Phenanthrene - 0.001
6 Anthracene - 0.01
7 Fluoranthene - 0.001
8 Pyrene - 0.001
9 Benzo(a)anthracene 0.1 0.1
10 Chrysene 0.01 0.01
11 Benzo(b)fluoranthene 0.1 0.1
12 Benzo(k)fluoranthene 0.1 0.1
13 Benzo(a)pyrene 1.0 1
14 Dibenz(a, h)anthracene 1.0 1
15 Benzo(g,h,i)perylene 0.01 0.01
16 Indeno(1,2,3—c,d)pyrene 0.1 0.1

¥ 1. WHO ¥ EPA9 PAHs 54 A 4 (Toxicity Equivalent Factors)

tpeh k= ebsl = A F (polycyclic aromatic hydrocarbons, PAHs)& %=
Aol Zrste]l US-EPA, Codex % JECFA (joint FAO/WHO expert

committee on food additives)2] ¢ldlA H7IE 3 A4 EF

Z3tEo] gttt 3 34 AH (EPA)AAE ols IE F= Fa 9HE
A= 167] PAHsE A3t #Elsta Aok & AFdAE ook #lx



T Fol AT 4 Q= 1671 PAHs

Ptk (& 2)

=
=

5% 2R sy Tz

1 naphthalene 128 CioHsg

2 acenaphthylene 152 CioHg 0.0

3 acenaphthene 154 Ci2Hyo O'O

4 fluorene 167 Ci3Hg 0.0

5 anthracene 178 CiaHio

6 phenanthrene 178 Ci4Hyo Q@O

@

7 fluoranthene 202 CisHio O‘O

Ca !H a‘l:
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11

12

13

14

pyrene

benz[alanthracene

chrysene

benzo[blfluoranthene

banzol[klfluoranthene

benzolalpyrene

dibenz[ah]anthracene

202

228

228

252

252

252

278

CisHio

CisHio

CisHio

CooHio

CooHio

CooHio
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15

16

indenol1,2,3-cdlpyrene 276 CopHyo O . © O

benzolghilperylene

276 CopHyo ©©

¥ 2.2 dF94 449 16 £9 PAHs
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Water (J.T. Baker, USA)

Hexane (J.T. Baker, USA)

PAHs mixture %% (Supelco, USA)
Benzolalpyrene—-diz (Sigma Aldrich, USA)
Acenaphthene-diw, Benz[alanthracene-di2 (Supelco, USA)

2-2. 49 71+

Shimadzu-GC-2010 (Shimadzu, Japan)
GCMS-QP2010 mass spectrometer (Shimadzu, Japan)
Ultrasonic bath (Branson, USA)

Vortex—-genie 2 (Scientific Industries, USA)
Centrifuge 5810 R (Eppendorf, Germany)

Centrifuge 5415 R (Eppendorf, Germany)
3. A3

3-1. & 4 HA O
PAHs= W7], E, A%, #A71&E SolA A5 #dd fral &=
AR ol5 A7) g tgs WSl MEHAT AHYHoR
Az mEZA il et 253 F& °

-

= =1

(ultrasonication),

D wASEE
2, A, AA e of

el oAl-oA FEUS

F=9 EL

extraction, SPE)o] AF&% a1 Qv B o Lo A

o FEHoEN AH7E Adeta kg W

o]-§sto] AAE Wkt

FHA, A, A o ofFe] dAEHE AR 1 gol HPLCE = 4 mL
e

o fF718v 4 mLE #H7Fsta 5 7F HA-H A

(liquid-liquid extraction, LLE) (solid phase

*+Z%  (liquid-liquid



extraction) 33] %ldslo] PAHs® A =4d& FE3ATh &l o okF
= BRHom g 77] fldte] 2e39 FES 207 &S ATk
A - A F= A SAFTIH HSATY JF W4 F7HAII7] st
o] vortexings °l&dtAoH, SAFTH BISAEFTY T FHUE FHe
BH4ES 7tefets] 7] 98te] centrifugations ©]&3Fith ©] £9S Ne

7F=2 500 uL7AA sFAIA . o] T 1uLe GC-MSel FYste] &4
gtk te (ZE D 2 dAZHEE s =453 Aot

Granule, powder, tablet 1 g

+— 4 mL water
+— 0.5ugof each IS

o

«— sonication 20 min
«— 4 mL hexane

N

[ Liquid-Liquid Extraction ]

-

vortexing 5 min

centrifugation 2500 rpm, 10 min
extract third

take hexane layer

dry with nitrogen gas till 500 L
centrifugation 16000 rcf, 10 min
take upperlayer 100 uL

R

N

( GC/MS-SIM |
a9 1. FHA, A, A9 LLE €4 #A

|
Astdt. 48 A2 DB-HMS ZH (30 m x 032 m x 025 pm

film)S AFg3t9 1, GC 283 £%= 100TC (3 min)olA 230C7HA 15

11°



C/min A 54171 3 230CoA 260C (3min)7FA] 5 C/min® &4
ZAom 260ColA 310C (Amin)7HA 10 C/min# <23ko] F 25% <t
o 4 diEsel 7t & 2 F A=F: AIAHE (F 3) MS =4
ol 23l A=A} o]=3t WAS AFE-Sk electron ionization (EDY2-&
Abgegon o3l U&= 70 eVE Tt wEl e AT At
2 ofge] FZAA 72t HEEY AYF 2~FHEHIH selective ion
monitoring chromatogram (SIM)¢} extracted ion chromatogram (EIC)
S AATE PAHs= #2&3% 3ol velets 4ol ol MFE Al
boll whe} 3744 Z1F o' vtk A iA 252 WA E 37 o

S 7R e EAEFe] AL naphthalene, acenaphthylene,

o

N

ol

acenaphthene, fluorene, phenanthrene, anthracene®, &+ WA 15 i
d= 4705 7FA a2 Q= floranthene, pyrene, benzlalanthracene,
chrysene=, Al HAl &7 WAl w27} Ha 470o A Hd 6712 4

= benzolblfluoranthene, benzolklfluoranthene, benzolalpyrene,
benzolg h,ilperylene, dibenzola,h]anthracene,
indenol[1,2,3-c,dlpyreneacenaphthene® /st Aot 2 25H = 3
3 1} HE-§-4d o] ZI RS yirisEesd (internal standard) ¢!

acenaphthene-dio, benz[alanthracene-diz, benzolalpyrene-di2S A 4 3} %)
I FA A GC-MSE AHE A ¢ e AdA R iEes=4E
(syringe internal standard)?] phenanthrene-dics F7F=2 A& 33}
(£ 4)

Column DB-5MS (30m * 0.25m X 0.25 m Film)
Flow rate 1.0 mL/min
Injection vol. 1.0yl
Split ratio 10:1
Injection temp. 290°C
Oven temp. 100°C(3min) — 15 "C/min — 230°C — 5°C/min — 260°C(3min} — 10°C/min — 310°C(4min)
Post oven temp. 310 °C(3 min)
Interface temp. 290°C

lonization voltage T0eV

Analyzer Quadrupole

¥ 3. Gas Chromatoghaphy ¥4 =4



lon Retention Quantitative  Confirmation Area

group SOmpaUTicE time (min) ion (m/z) ion (m/z) ratio

Group 1 naphthalene 5092 128 102 14.14
acenaphthylene 8.80 152 150 7.20
acenaphthene 9.02 154 153 1.9
acenaphthene-dq; (1.5) 9.09 164
fluorene 995 166 165 9.57
phenanthrene 11.54 178 176 553
anthracene 1162 178 176 6.39
phenanthrene-d,y (syringe 1.5) 11.50 188

Group 2 fluoranthene 1370 202 200 5.59
pyrene 14.27 202 200 537
benz[alanthracene-d;; (1.5)) 17.57 240
benz[a]anthracene 1764 228 226 4.34
chrysene 15 228 226 379

Group 3  benzo[blfluoranthene 2198 252 250 5.08
benzolklfluoranthene 2208 252 250 593
benzola]pyrene-dz (1.5)) 23.04 264
benzo[a]pyrene 2312 252 250 458
benzo[g,h,i]perylene 26.29 276 274 4.65
dibenzo[a,hlanthracene 2642 278 276 F42
indeno[1,2,3-c,d]pyrene 26.95 276 274 5.85

¥ 4. Selected ion groups of PAHs in GC/MS-SIM analysis

3-3. 4 9 Method validation 43}
m AXA (linearity) 75
EFE4d 165 ts] calibration curve ZA S Ed AAASF RS 73

o] ka3t AMAHS JEN =X Eolslyr).

| |
N
i
ro
N

# |/ A A4

- AZ3%7 (limit of detection, LOD)= AlZo|A 4 gidE2S 2

= Jhed HAZS Auste] Feke e S ( it

(noise)ol A%tz WY Ela wkgol mFEHEAIet AA A 7]&7
kas 9

o] Z&£A%= WHo=w
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¥
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1. 23 3t 3%

1. GC-MS 24 Al A5 AAZ ¥y 43

1-1. LLE <89 4%

B Ao = ol9kE blankE AESHA #H3g FH, PAHs mixture ¥
* 100 ng/mLE H7tsta, FE=8dE Y3 dA-AH FEH
(liquid-liquid extraction)< AF&3tH T FE8wl= 4% JoEF F4

Bol x| ¢kowA B FA9 PAHs7F & &89 + de &)
E2q, Aol 224 37445 AHEarith. PAH spiked © oFE
s Z3te] GC-MS=Z 243 5 7}7te] PAHs9 ¥
= B Ay kgl z PAH Aol 23 70-120%
N ELE FEEES HoFUY (I¥ 2)

(¢
>
)

l[‘
o 2
r

EE
d

ﬁm
ST =

B Cyclohexane

120

HToluene

80

recovery (%)

40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Peakidentified follow as ;

1.naphthalene, 2 acenaphthylene, 3 acenaphthene, 4 fluorene, 5 phenanthrene, 6 anthracene, 7 fluoranthene,
8.pyrene, 9.benz[alanthracene, 10.chrysene, 11.benzo[blfluoranthene, 12 benzo[kjfluoranthene,
13 benzo[alpyrene, 14 benzo[ghilperylene, 15 dibenz[ahlanthracene, 16.indeno[123-cd]lpyrene

a9 2. &89 u}& spiked blankol Al PAHsY 34§

13 - = A 2-tj] &



2 b
o
=y
)
o)
>
R
=]
<
o+
o
n
<

o] ok blankell #FE=7F 100, 150 % 400 ng/mL
d& 2% F7heto
S GC-MS= E4 33t}
Hgom, RSD #he 1221% o

=]
=
5% A7 08

91 71.11-121.46% ° <=3 3+&

= e (& 5)

o 4] - 2 A

rulo

FZHog AAsta

38 recovery rater

Recovery Rate (%) = RSD (N=3)

compound
100 ppb 150 ppb 400 ppb
naphthalene 108.30 + 1.51 121.46 + 3.77 78.34 + 429
acenaphthylene 91.58 + 0.94 76.80 = 467 102.42 +10.99
acenaphthene 97.05 +1.13 77.76 + 3.40 93.77 +3.94
fluorene 86.23 + 0.74 80.29 + 517 119.93 +6.18
phenanthrene 89.72 + 3.11 76.03 £ 645 109.35 £ 12.06
anthracene 89.13 +3.12 81.12 +463 100.01 +10.90
fluoranthene 99.95 + 5.18 72.39 +4.27 82.63 +5.34
pyrene 98.71 + 5.07 71.11 +4.41 8160 +8.13
benz[a]anthracene 97.35 +6.02 80.16 £ 6.59 9252 +6.56
chrysene 93.69 + 3.94 84.71 + 1.69 80.38 £+ 5.78
benzo[blfluoranthene 102.40 + 3.90 73.98 + 539 80.76 = 0.55
benzol[k]fluoranthene 91.63 +9.56 87.47 + 164 83.85 £3.35
benzo[a]pyrene 9246 +7.28 7534 £ 434 8455 £ 239
benzo[g,h,i]perylene 102.50 + 6.36 93.53 +4.32 107.99 + 12.21
dibenzo[ah]anthracene 106.10 + 8.38 88.98 = 4.47 90.47 = 8.99
indeno[123-cd]pyrene 96.44 + 3.39 84.54 +7.09 85.02 + 3.66

¥ 5. PAHs 100, 150, 400 ng/mL % X9 spiked blanko| A recovery

_14_



2. AW BYE AT BANY FF

2-1. Linearity, LOD, LOQ

BN 43S AR 98 4 BFEEe zzw, %9, LOD o

LOQE #HESAT LOD+= S/N (signal to noise) = , LOQ+ S/N
= 10.0& 7= Asdvh. AgE= 1-500 ng/mL T RASllA b
N ool A= & sxE AEste] 72} f5F79] AEFdS WiiEs=E

= HE=gHA

Aol WAHE o] &35t XA (linearity)$} #HE FX 9}
J&sH (LOQ) 5= YEF AT

PAHs®] X% %<2 naphthalene, acenaphthylene, acenaphthene,

I
©)
S
o
03#

fluorene, phenanthrene, anthracene, fluoranthene, pyrene,
benzlalanthracene, chrysene®] %A 5-1000 ng/mL Alole w&%
Heol A ZeASG Rz gho] 0999 oo = yeiy 7% AHd4S B
o =} =3 benzolblfluoranthene, benzolk]fluoranthene,
benzolalpyrene, benzolg h,ilperylene, dibenzola,h]anthracene,
indenol1,2,3-c,dlpyrene®] 7 #42 10-1000 ng/mL Atole] % H9
AN 2 E A ABAT Re kol 0999 o] oz yE}t 48k A
e BT 39 3 2 167H4 PAHs® skol wg vae] H4
HZ yeld AFAMoltt B 6 2 16714 PAHsS H#A HAA
(linearity) ¥} #H W X9} =34 (LOD), 434 (LOQ) 55 £
oFgt ottt 7t EAEHe HHFAE 5261458 ng/ml S HE
=g

7 o |
_15_ -"'H-_E'I.'.I.l



Group 1

120

120 | ®NA > 100 mFL
100 + ACL el ’i:E
n | o S
i 0
20 20
0 0
0 100 200 300 400 500 600 0 100 200 300 400 500 600

100

20 + BaA 2
o0 o CRY 3
40
20
]
600 0 100 200 300 400 500 600
80 100
= BghiP
0 ® aDahA
40 " elcdP
40
20 20
o L= : 0
0 100 200 300 400 500 600 ] 100 200 300 400 500 600
a9 3. 16714 PAHs #%° W& H 39 HAHE Yyed AFA
range Interce Corr. Coeff. LOD LoQ
empoin.d oy EE pt (R2) (ng/mL)  (ngimL)
naphthalene 5-500 0.2625 21535 0.9998 1.58 526
acenaphthylene 5500 0.243 1.3006 0.9997 239 7.95
acenaphthene 5-500 0.1542 0.6407 0.9998 225 7.49
fluorene 5-500 01557 05987 09999 159 529
phenanthrene 5-500 0.1959 1.0638 0.9998 1.70 568
anthracene 5-500 01776 0.5967 0.9997 1.90 6.35
fluoranthene 5-500 0 1649 04702 09998 158 526
pyrene 5500 0.1736 0.5851 0.9998 1.52 5.06
benz[alanthracene 5-500 0.1611 0.3929 0.9999 2.04 6.79
chrysene 5-500 0.1619 0.4148 1 247 8.25
benzo[b]fluoranthene 10-500 0141 0.1766 0.9998 429 1429
benzo[k]fluoranthene 10-500 0.122 -0.3337 0.9993 3.25 10.83
benzo[a]pyrene 10-500 0.1332 -0.0933 0.9999 409 13.64
benzo[g,h,i]perylene 10-500 01234 -0.3538 0.9994 438 14 .58
dibenzo[ahlanthracene 10-500 0.1752 -1.6707 0.9992 3.49 11.63
indeno[123-cd]pyrene 10-500 0.1546 -0.7775 0.9989 4.14 13.79

¥ 6. 16712 PAHs9 A ZFA 9 Linearity, LOD, LOQ
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2-2. 3= AEE
AGEs AUEe A A SRR s a7 A4S 39 APt
A Wl Gintra-day) 3U4& T8, 39 7w APS A@ste] A 7t
(inter-day) YA 43I & %”‘Lé}
R AT A el PAHs £4]

Hel AUAdS Felstr] 918 xF8
20, 100 2 1000 ng/mL Al 7}A] F=2 FH|ske] shFe AES 3H Al
g)sle] o Ul (intra—day) AEAS F3ba, 39 7+ wbE AFHS Al s}
o] o 7t (inter-day) A2A ¥ AHS sty 24 Ay g5

= &
o]l 20 ng/mL Lul+= Az F=HA (CV, /)4 %}Eo] 0.6-10.3%, *x<
foo] 100 ng/mL YW= A FEFHA (C.V,

Fg9d9o] 1000 ng/mL o wj= ’E}EHE%%'} (CV. %)o gho
1.8-10.3% = Codex Guideline®] 715 Weol & HFA

¥ 7 & A, & 1vEe PAHsol Wd ¢ W (intra-day), & 7+
(inter-day) 2o 4847 Ao st x5 Yepd xolth

_—
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Conc.

Intra - day(n = 3)

Inter - day(n = 3)

Compound (ngimL) Precision Accuracy Precision Accuracy

(C.V., %) (%) (C.V., %) (%)

20 3.20 114.56 263 116.17

naphthalene 100 1.61 99.69 3.59 99.32

1000 1.76 104.59 3.56 105.53

20 3.38 110.60 3.88 108.11

acenaphthylene 100 1.44 91.99 4.86 93.15

1000 3.23 103.27 3.97 102.06

20 0.55 116.46 2.31 117.75

acenaphthene 100 1.40 96 .64 3.31 96.48

1000 3.21 104.09 3.69 103.02

20 0.72 108.44 1.68 108.82

fluorene 100 157 92 .81 4.06 92 54

1000 3.49 105.66 3.94 104 .27

20 0.96 106.38 2.79 105.72

phenanthrene 100 1.34 89.55 5.51 89.23
1000 4.53 101.55 5.10 99 21

20 289 106.34 3.74 105.38

anthracene 100 1.97 87.71 6.80 88.13

1000 477 103.62 5.60 100.36

20 461 117.37 4.71 115.29

fluoranthene 100 0.89 91.80 4.42 92.00

1000 3.80 101.95 6.41 106.28

20 397 117.97 4.37 114.79

pyrene 100 121 91.83 4.08 91.84

1000 3.68 101.76 6.21 105.92

20 3.46 91.70 5.10 88.46

benz[alanthracene 100 3.03 91.09 4.18 91.90
1000 294 116.44 411 117.81

20 7.37 128.30 8.78 124.93

chrysene 100 244 95 42 3.85 95.69

1000 3.46 110.70 413 112.32

20 10.24 112.55 6.83 109.88

benzo[b]fluoranthene 100 0.64 93 53 338 93.26

1000 4.87 109.39 4.94 109.40

20 434 121.45 5.37 122.02

benzo[k]fluoranthene 100 3.7 95.42 7.18 97.43

1000 3.67 110.72 4.21 110.57

20 5.36 106.82 5.03 109.65

benzo[a]pyrene 100 0.36 90.68 3.51 89.39

1000 3.89 115.89 5.08 17.07

20 8.13 83.11 5.91 87.91

benzo[ghi]perylene 100 2.87 89.74 5.52 110.96

1000 4.81 107.08 4.89 106.90

20 2.64 91.31 6.84 89.20

dibenzo[ahlanthracene 100 4.33 83.20 5.22 85.05

1000 10.33 115.25 7.22 114.00

20 10.25 105.09 8.19 103.05

indeno[123-cd]pyrene 100 2.5 83.29 3.66 82.55

1000 4.68 108.16 4.48 108.88

¥ 7. PAHsY intra-, inter-day 3 &4, 394
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3. Blankdl EF&94S &% AU B4 S
A, AbA AA o fE FAE2 blank tablet 1 goll & F 3] ol A
&7 100 ng/mL7b HE5 258 d9 WRrETEds 237} §ho
HA - A FE=HoR AAGL AATtER

2 BA3AY. AYE  (precision)E  0.7-11.0%
(accuracy)+ 84.8-107.3% W9 <ol E3HE o] 2

E 8 o Azt A Ao} ARAGE AAlE] AT

Intra - day(n = 3) Inter - day(n = 3)
Compound Precision Accuracy Precision Accuracy

(C.V,, %) (%) (C.V., %) (%)
naphthalene 56 15 108.3 14
acenaphthylene 18 0.9 916 39
acenaphthene 14 1.4 97.0 16
fluorene 9.0 0.7 86.2 6.7
phenanthrene 8.0 31 89.7 54
anthracene 2.0 31 89.1 106
fluoranthene 32 5.2 99.9 11.0
pyrene 3 T 98.7 1.0
benz[a]anthracene 93 6.0 97 4 85
chrysene 74 39 93.7 8.0
benzo[blfluoranthene 1.9 39 102 4 7:3
benzolk]fluoranthene 6.1 96 916 54
benzo[a]pyrene 1i5 7.3 925 10.2
benzo[ghi]perylene 114 6.4 102.5 3
dibenzo[ah]anthracene 6.3 8.4 106.1 9.0
indeno[123-cd]pyrene 4.1 34 96.4 1.3

¥ 8. FA 59 A PAHs9 intra-, inter-day A &4, A LA
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4, A3} 34

AA Az A 16719 B =25 Aol (quantitative ion)d} A &0

HE 7} =29 WA (Table 18)¢} H]
w3k = AEE gt A AR WP xFEdEe WAH &
Supersedes Document No. SANCO/3131/200729)¢ wz}t A tid 2%
(Wo]2~ I =Ae] HAME(%))7F 50% olstH + 10% HS, 20% o] -
50 mRkel¥ + 15% W9, 10% ©]7d 20% w|¥ko]H + 20%, 10% ©]3s}o]
o+ 50% M Qe E3EE=A FRlste] FA A AFE A

£ (confirmationion)®] %

FHA, AHAL BA SJokE A ANEE 1 g Al JA-AAH FE=H
(liquid-liquid extraction)ol] &3] FAES A AL FAEAS AHAA S
0 Ah 722 FFAA GC-MS-SIM mode® #4349t}

FPA oJokEe] xA o2A FHYPA MZEe SIM chromatogram¥}
extracted ion chromatograms JI¥ 4 <o YerdAd. EICA
naphthalene?} acenaphthene®] 3= Eo] uj$- A HEF Aoy, A=
gl olst #e M4 HEWA Fdoha dekskatt

AA] o ekEe] tiEA oZA Al AlEe] SIM  chromatogram}t
extracted ion chromatograms JI¥ 5 o YerAL. EICA
naphthalene®] =7} wj$- A HE=H Ao, AFsA olst ks 7
A AEEA gokohal dekskit

AA oJoFEe] hEA dzEA AA MZEe SIM chromatogram¥}
extracted ion chromatograms JI¥ 6 <o YerAT. EICA
naphthalene®] =7} wj$- A HEF=H Ao, AFsA olst ks 7
A AEEA Fdtn FEsET o] Al®e SIM chromatogram¥}
extracted ion chromatogramoll /] YEld 71 % 5] naphthalene®] o]
(m/ z 128)% Aol (m/ z 102) A7} A&g AXHZ HEHAN
W, 9L yWRrEEEd v WHe vaste] g#g1d A

288 ng/glo® AZH AT
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A) real sample SIM I':S:hromatogram

4.5e+04: 5
8 |
2
=
= 25e+0
-
B 153
2 !
=
L Jl_
P P M, e o e
retention time
B) real sample SIM - EIC
Group1
1250 128 NA 40e-04; 152 ACL 4 fe=04, 154 AC 2500 166 FL 178 PHE, AN
(HD) (ND) {ND) (MDY B00; (MD)
750 208404 208404 1204 200
9005.00 580 875 s 8.50 925 = Rt T 9.50 10.00 1075 11.00 11.50 12.00 12.50
102 NA 408-04| 150 ACL Sy 153AC 2500 165 FL 501 176 PHE, AN~
600 2.0e-04 N 208404 1500
00 =8 BT 775 BS0 925 15 él‘. ==,=!l_'!§5! L 950 5
Group 2 Group 3
75 202 FA, PY 3.0e+04 228 Bah, CRY des0q 252 BF, BKF,BaP  ,cq| 276 BghiP,lcdP sy 278 DahA \\
(HD) (D) (o) {HD) {HD)
4 Be+0d ‘
175; £ I s 150 7 15 o
. ""‘""'-"'-'-:“‘h-—-" el Aeiy Py i ]
1375 1425 1475 1825 T8YE q150 1895 00 220 2400 A ) T550 2650 2750
275 200 FA, PY 226 BaA, CRY Ue+04| 250 BBF, BKF,BaP 250|274 BghiP,lcdP 250 276 DahA
i 15804 cesn4 150) 150
" S (WY RRRRO R NN S
i 3 RIS 2 R 3700 2250 24.00 EE] ] mj‘

a9y 4. 4»}%ﬂ]-—] SIM chromatogram¥ extracted ion chromatogram

A) real sample SIM Ighromatogram

5.0e
@ 15;
8 ! 1S
=
'g l
S 2504 ‘
=
=
b T ——— T
30 73 100 125 20.0 HIS %0 s
[E‘EI’“IDI’I tIITIB
B) real sample SIM - EIC
Group 1
1500 128 HA 50es04) 152 ACL 5 0e+04 154 AC o 166 FL 178 PHE, AN \
(D) (HD) (HD) (HD) 700 (D)
1000 J\ ZSHMM z.sem“um“Um 500 400
L. ittt
1500 500 580 PRI CLE - a5 950 10.00  10.75 7100 1160 12,06 1250
102 NA Coees 150 ACL ettt 153 AC 165 FL 700 176 PHE, AN
1000 L 2.5e+04 2 5e+04 _—Ath 400
500 580 675 705 8.50 925 T L} ] ! i i )
Group 2 Group 3
300 202 FA, PY 3.08+04 228 BaA, CRY e.gd 252BDF, BKF,BaP  qp( 276 BghiP,ledP  3gq) 275 DahA \
{HD) (HD} (HD) (ND) (HD)
1500 1.5e+04 o8
13.75 1425 1475 15253 — 1675 17.50 1825 21.00 2250 2400 2550 2650 2750 2550 2650 27.50
Sl 200 FA, PY 226 BaA, CRY 52+04 250 BbF, BKF,BaP  200| 374 BghiP, lcdP 300 276 DahA
1500 TRel .253*01"__#_____‘__-» 200
TETE T s 3700 2250 2400 J5ED ZEED 2750}

g 5 "Hﬂ-—] SIM chromatogram¥ extracted ion chromatogram




A) real sample SIM Ig:hromatogram IS,

@
2
=
=
= 154
E 15004
-]
=
[ E l
..... T e g ey :
a0 13 100 1235 15.0 17.5 200 ns 25.0 75
retention time
B) real sample SIM - EIC
Group1
1250 128 NA 3.0e+04) 152 ACL 3 e+04 154AC 2500 166 FL 178 PHE, AN \
(detected) (N HD) (o) 2000 (uD)
750 1.5e+04, 1.5e+04 1‘00 1000;
i e —
1250500 580 675 b B fri R S 50 1000 0.5 T1.00 1150 1200 1250
e 102 NA 3.08-04| 450 ACL e 183 AC 2500 165 FL 176 PHE, AN
750 1.5e<04 l ’ 1.5e+04 1500 1000
1 J._..L._.d
500 580 BT 775 850 925 75 B0 825
Group 2 Group 3
700 202 FA, PY 3.0e+04 225 Ba, CRY sesnd 252BDF, BKF,BaP 55| 276 BohiP, mp z:la DahA \
{HD) (HD) {HD)
gaa i O Se0d e 50
1I7E A TS s TR TTETIE S 2100 2250 2400 FEET 265D zrsu F550 2650 2750
b 200 FA, PY 226 Bah, CRY 0e+04| 250 BbF, BKF,BaP 450|274 BohiP,lcdP 400 276 DahA
500 bl 59*04___,_,..._.:—-“‘"" 20 200
£ L ) 1825 2100 2250 2400 ZEET 2650 27560 SEE0 2650 27_,9)

a9 6 onﬂ-*] SIM chromatogram¥} extracted ion chromatogram

HHA o okFE 8 A Al oJokFE 6 AA = HEE FA=Eo]
o} AA 9JoFE 621 A F naphthalene2 165004 HAEHAL, HA2
5% 117 ng/mg, AW % 653.19 ng/mgE EFSETE acenaphthylene
S 1dN AT 702 ng/mg? FEE AZEEAIL, acenaphthenes 57
A Hx s% 423 ng/mg, AU % 10341 ng/mgloE HEFUTH
fluorene 1879 Ad HE=FHAL, HA2 FE= 103 ng/mg, W T
672.60 ng/mgl 2 YEINE O™ phenanthren< 517494 HAEHo HA
T% 121 ng/mg, AW 5% 84247 ng/mg= “}E}ST)  anthracene 6
AdA HAEHAL, AL ¥% 1.72 ng/mg, A F% 89.73 ng/mg o=
EFSE T} benz[a]anthraceneL 144 1412 ng/mg =2 HAZ=F AT}
chrysenes 1474 HEHA1, FHA % 330 ng/mg, HA %
1166 ng/mg® YEFSI, benzolblfluoranthenes 5794 HA %
449 ng/mg, FW % 7807 ng/mg= UWEF S benzolklfluoranthene
& 279 A 7—}7% 703 ng/mg, 2938 ng/mg® HE=H AL

o9 . H kl 1_'_” i



benzolg h,ilperylene<

13300l A

1060 ng/mgel TE=

A=HAL,
dibenzolahlanthracene& 474 HZ=%o] H4 &% 1063 ng/mg,
d F% 14.77 ng/mg= YWEFI, indenol123-cdlpyrene 2714 Z+z}
772 ng/mg, 9.92 ng/mgel AEFHAt (F 9)

NA ACL AC FL PHE AN PY BaA CRY BbF BkF BghiP  DahA ledP

HEAHS 145 1 3 15 48 6 3 1 18 6 2 1 4 2
I+ s a8 1147 7.02 423 1.03 1.21 172 23755 1412 265 3 7.03 10.6 10.63 772
Fh 5= & 56271 7.02 103.41 7747 84247 8973 T736.38 14.12 11.66 78.07 29.38 10.6 1477 9.92
Sza 35.99 7.02 32.54 14.43 46.74 1989 41282 1412 4.69 19.36 18.2 10.6 11.83 8.82

¥ 9. ofFF 4974
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Abstract

Analysis of Polycyclic Aromatic

Hydrocarbons in Pharmaceutical
Products using GC-MS

Kim, Jung Yoon
Department of Pharmacy, Pharmaceutical Analysis

The Graduate School

Seoul National University

PAHs are aromatic hydrocarbons with two or more fused benzene
rings, a very stable structure of the organic compound containing
carbon and hydrogen. PAHs are used to produce the pharmaceutical
raw materials and dyes, plastics, insecticides, and is included in the
asphalt used in road construction. As PAHs are environmental toxins
that threaten the health, metabolic products absorbed into the body
affect as cancer precursors more than itself.

Recently, it was largely an issue that benzopyrene which is the
strongest toxicity in PAHs was detected. The amount of benzopyrene
was in the food more than the reference value, and also was found

in natural medicines. The social consensus is ongoing insecurity by

- 28 - \'E 'I:'..'-.:;



detection of the benzopyrene, therefore a number of medicines were
evaluated whether PAHs are detected, including benzopyrene.

In this study, the analytical methods for the determination of
polyaromatic hydrocarbons (PAHs) in pharmaceuticals have been
developed by GC-MS-selected ion monitoring (SIM) mode. The
established methods were validated in terms of linearity, limits of
detection, limits of quantitation, precision and accuracy. The
monitoring of PAHs in 497 pharmaceuticals selected by investigation
of high proportion in related agencies were performed on the basis of
the validated methods.

We analyzed the 16 priority pollutant PAHs set by the US
Environmental Protection Agency (EPA) using GC-MS, in eight kinds
of granules, six kinds of powders, and 483 kinds of tablets which
were selected based on sales performance data of Korea
Pharmaceutical Manufacturers Association from October 2012 to
September 2013.

This study has established analysis method of PAHs for granules,
powders, and tablets using GC-MS-SIM will be useful to derive a
simple and quick results. And the results from this experiment are
expected to be used as a basis to set a guideline for PAHs, through

the evaluation of hazardous substances and risk assessment.

Keywords : GC-MS-SIM, Polycyclic Aromatic Hydrocarbons,

Carcinogens, LLE, Pharmaceutical risk management

Student number : 2014-21054
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