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22 Benzo(a)pyreneg w]E3&F 16%2] polycyclic aromatic hydrocarbon(PAHs)3} 4%2]
nitro-PAHs-& reversed-phase liquid chromatography/diode array detection (RPLC/DAD)&
ol 43t 71&7)gepyg o Belsti, PAHRS HEEA T A8 v A, & 92, F
21z}, L/ B ratio, ¥l i3t 4= % s zg o) 2o} Ao vlF-Eate A g 3
stk o H-89] PAHR-= 2tA:xlpe) Filo]l AATE logk'e]l F71he AMI-E #lalsdc o
25 R 7}A] o] A E3} nitro-PAHF-E2 S5} &3, L/Bte] #ow, whaisdapge) 5
7} Be5E 94 $219-& gastadnh 2 PAHR 3 &34 100~500ng /mL ¥ 9 2 e
w, AlA] BA] 8o H & 73284 (method detection limit, MDL)¥ 0.1~0.5ng/mL ¥ ¢l glv}.

Abstract : The retention behaviors of 16 PAHs and 4 nitro-PAHs were studied with several
parameters involved numbers of carbon atoms, F factor, aqueous solubility, L./B ratio, and

numbers of interfering hydrogen atom pairs on the chemical structures of PAHs by using
reversed-phase liquid chromatography/diode array detection method(RPLC/DAD) and
gradient elution method. It was obtain that the log k” for most of PAHs with increasing the
number of carbon and the F factor in their molecules. Chromatographic retention of PAH
isomers and nitro-PAHs were examined with aqueous solubility, L /B ratio and number of in-
terfering hydrogen atom pairs. As a result of comparison with these factors and retention
times, it was found that those solutes having larger aqueous solubilities and greater L./ B
ratios were retained longer on stationary phase. This tendency was also occured in the
molecules having the more number of interfering hydrogen atom pairs. Detection limits of
PAHs which were obtained with three times measurements by RPLC/DAD were in the range
of 100~500ng / mL and method detection limit (MDL) for water sample were in the range of 0.
1~05ng/ ml.
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Table 1. HPLC / DAD conditions

g} - E8%

B2& u} glekl g ol 88 7
2 9 7172 PAHF A& oi 58 7l EE 535
7] $)Eted ellA AFE o9 7kA AAE FeolA
PAHE S 7ol o} &% 7hx) QApwte g o4
& siAstelon, B} el 3hsby T W d
A BAL 7+ PAHF 29 oluz} o] B2 o) ¥
£ nitroPAH® 59 #FEA 5 g $3al
A7} &3 AA el

aeba] B dFdAe RPLC/DAD(diode array
detector)E ©]43% Wy 2089 PAHHFE 4
He)sln xgrhA S A7d of 7] A
5% 2¢H o2 32iste] o] Ee I HF-FATE
arabslsia) st aeld WA #HA Felxds =
Abslat of A MY HEYAE H st 1
20%2] PAHR-l di’t EA% nlAE A8 7}
2] QJ2HE Wt ohzl 53 oA Ae] g2 AFel
ZF5 43E vl = AAEE 2astdch

A7kshe) oA S

2.4 8

2. 5F o L WHE oIF

2 AFelA AH4% HPLC/DAD: Hewlett
PackardA}¢] HP1090Mel1, A8 £ HPI000
300 computer®, 213 HPI133 Disc drive %
Think Jet printer& AH&-3}git).

Nitro-PAHF 9 ¥-3}720f 3% X8 E-2 Insight
IIE ol &35t T3, ¢]E9] S8 = % L/B ratio
A Abell = IBM PC(Pentium)$} SAS/PC Statistic
PackageZ ©]-&-3}lc}.

Parameters

Conditions

HPLC /DAD

colurm

Hewlett Packard HP1090M
ODS Hypersil
(100mm % 4.6mm LD., 5.m particles)

injection vniume Sl
DAD range 210~400nm
oven temp. 40T
flow rate ImL / min
20min
solvent MeOH : H20(60/ 40, v/ v)———>MeOH:H0(80/20, v/ v)
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RPLC/DADE

2.2. Al 2

oot 4] 83 PAHF-E ¥ &Y ZE&A0
Sigma, Aldrich % Supelcod] & AJ<FE A Ajs}7)
o ool 2 AMgste w, £eget & 4ollis Baker
A}A) 2] HPLC# A oFg AM&-8tedh £/ Mill-Q
2 Mill-RO system~=°- 235 33 FE4E, 1ela
a8be] A)FE-E Aldrich M & AH8-8t4dct. PAHR
o BF4H-2 7-}74’-4 PAHFH-E 10.0mgH # &3] =
o} MeOH 10mLel} *0]3 F%7} 1000.g / mL{ppm)
HA 8 13 B2F 44 $ HEAUCE o o175l S 2
AR gy Hale 4L F EYR & Fo ¥xU}
20ppme] = £E 23} 2F4E whEe] AHgstach

23. BEARS B W HESA &%

A PAHH £FEH e E¢2-9(20ppm)E 5.l
# HPLCe] F9]8}iL acetonitrile/H20 ¥ Me
OH/H:08 &9 22 3o f7]-8wf 2]
N & 70% B 60%N 4 80%7FA) B} 0.5~1.0%¢
Whg g WEAF|HA 7] g7) e o2 o PAHRF
o] HA -2l 20E A cH(Table 1).

o8 Zil% “Mlg ZA18}7] ¢ls) 2t PAH7} #d 9
el Q uv j}zl- Al g &k FE Ao &
8N & Sed ’°Js¥°% A x| A 2ZvtE

213 2 Sk T 20%9] PAH Fell gt & 94 &
Falan) elq &gl 2t 33 H4E an
mhg 7oAl S/ Nu|7} 5 o abel wwl, 2} 4
o] UV 2EEedS e 5 i HA g2 Y}
oo} 28] 3 BA)E 200mLE 3 ste] 200l FEA
7) ohS d &gl 2] A e W e g A el
o] AAl Al#e Er 7 &% (method detection
limits, MDL)& #3tsic}h

, o
Z5 & 50%

R k)

3.1 AN Balxy % HESA =4

® oo e i 20%2] PAHRFE 54l Eelsta
o] Z-2 s}alsly] 91 whlS k) A Vel
oz Ha FexAg Ak on, o] & it
A& 05 2zt Takdch

WA -zl el AcCN/ Hx03 MeOH / H209] 24
& 77 50%0 A} T0% = 60%00 A1 80%el A H-vd
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05% % 1%2] H3&2 44§ azvteagiogy
€] 7} o] wFEA Sel o] 2L vinE g
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Thaie 2. Retention time of PAHs by gradient elution with AcCN /H20 and MeOH / Hz0 as eluent

o, Compounds Retention time, min.
1 2 3 4 5 6 7
i Naphthalene 5.61 5.33 342 3.34 10.3 6.25 536
2 Acenaphthylene 6.72 6.26 3.92 3.81 125 7.70 708
3 2-Nitrofluorene 9.69 7.02 4.22 4.06 14.3 8.93 70K
4 9-Nitroanthracene 8.96 3.09 5.08 4.85 16.1 10.4 5.86
5 Acenaphthene 8.96 8.09 5.08 4.85 16.6 114 9.83
5 Fluorene 9.37 3.32 5.08 4.85 17.2 118 1e.1
7 Phenanthrene 10.1 3.97 5.55 5.25 18.4 12.9 10
) Anthracene 11.0 9.61 5.96 5.61 194 14.1 11.6
Y 1-Nitropyrene 12.0 10.24 6.40 5.99 204 15.1 12.2
14 3-Nitrofluoranthene 125 10.64 6.40 5.99 212 16.2 12.9
1 Fluoranthene 13.2 11.2 7.07 6.53 22.0 17.2 13.6
12 Pyrene 14.0 11.8 7.57 6.97 22.8 18.3 14.3
13 Chrysene 18.0 144 9.59 8.55 26.8 24.1 17.5
14 Benzo(a)anthracene 18.7 14.8 9.90 8.78 27.2 24.3 17.9
15 Benzo(b)fluoranthene 23.2 17.7 12.6 10.8 30.5 30.4 20.9
16 Benzo(k)fluoranthene 23.9 181 13.1 11.1 30.9 31.2 21.3
17 Benzo(a)pyrene 23.9 18.5 13.5 115 31.2 3.7 210
13 Dibenz(a,h)anthracene 29.0 21.0 16.2 13.2 34.3 37.¢ 24.6
19 Benzo(g.h,i)perylene 29.9 21.8 ‘ 17.2 14.1 35.1 37.9 25.3
20 Indeno(1,2,3-cd )pyrene 29.9 21.8 17.2 14.1 35.1 379 255
1. ACON 50% —222/0 700, 2. AcCN 50% ——L™0 ., 70,
5. AcCN 60% — 220 oo, 4. AcON 60% ——2LM0 ., goe;
5. MeOH 502 —22/™__, 709, 6. MeOH 60% ——r2/ ™0, goo;
7. MeOH 60% — L™, 509
9w g 2} chromatographic correlation factor, F) Aol o) eIzl PAHFY logk & Table 49 33}
o] g) o, Hale] QUAlFEE F8F ARE frk dAan ol F F RS, F A L me} ARty
T 2ops wp ek~ mheba] B el Az At 2] ¢de PAHF2| &2kl xH(k)ete] #AE Fig. 2e
A el of g SRl et SYAew LA el 7h vehigleh Zelw Twle 4o $FRE g FolA
21 Q) 2} 58 F§ele] PAHF9 w5417 } %E“i} o nitro-PAHH-2] &3 %9} L./B ratioss ¥4} 74 %
0]2)3 A &S ZAMEF b o} F alAHES] PAHTEl  EFiiole] AR A E wastel Ak wdYre
S]] Bl & V1 EE vla 7 EskAvt 01 "H A} 1389l Insight 11} A 2le) stz q] SASE 414
2 gejel e 20%8) PAHA wlad Feirh 2 ¥l sje] 22} ahadel.
MeOH / H:0% A1#) 351 3, MeOH 9| Z4d-& 6070l 7z} Q1Ake} vl F-gA| Zhake] A FAbEblel ghA
A 0% A B 1%e) Mg e FrRA9 e 71 &7 7 ) ARE 7R ARIAE 2Aslale) A whasing
auln > ol Blol ZEobEIRS AASAT A sl Fashel A wobstel 2 A o3l
o) g 7F PAHES] SaRa A B AL S8 PAHTE ARG ()7} 0.9917 224 Qw8

. L/B ratio 3wl S Al chEd gt 8l

£

2 e gl o] o, F qlabi: alolol 2] z}be]7) 2l
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Fig. 1. Chromatograms of PAHSs at selected UV wavelengths.
(a) 220nm (b) 230nm (c) 255nm (d) 290nm (e) 340nm
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Tuble 3. Selected UV wavelengths and detection limits of PAHs

No. Compounds UV(nm) D.L.(ppm)} P.L.(ppb)
in water
1 Naphthalene 220 0.1 0.1
2 Acenaphthylene 230 0.1 0.1
3 2-Nitrofluorene 340 0.5 0.5
4 9-Nitroanthracene 255 0.2 0.2
5 Acenaphthene 230 0.2 0.2
6 Fluorene 255 0.2 0.2
7 Phenanthrene 255 0.2 0.2
8 Anthracene 255 0.2 0.2
9 1-Nitropyrene 230 0.2 0.2
10 3-Nitroflucranthene 255 0.2 0.2
1 Fluoranthene 230 0.2 0.2
12 Pyrene 230 0.2 0.2
13 Chrysene 230 0.2 0.2
14 Benzo(a)anthracene 290 0.2 0.2
15 Benzo(b)fluoranthene 290 0.5 05
16 Benzo(k)fluoranthene 290 0.5 0.5
17 Benzo(a)pyrene 290 0.5 0.5
18 Dibenz(a,h)anthracene 290 0.5 0.5
19 Benzo(g,h,i)perylene 290 0.5 0.5
20 Indeno(1,2,3-cd)pyrene 290 0.5 0.5

D.L. : Detection limits(S/N=5), M.D.L : Method detection limits
n : Three timeg

Table 4. Log k', shape Parameters, and aqueous solubility for PAHs

Elution Compounds MW | logk’ | NC* b L/B° Solubilityd Interfering
order (mg /kg) H atom pair
1 Naphthalene 128 0.919 10 5.0 1.24 31.69 0
2 Acenaphthylene 152 1.007 12 5.5 1.08 294 0
3 2-Nitrofluorene 21 1.067 13 75 1.79° 982.4" 0
4 9-Nitroanthracene 223 1.116 14 8.0 141° 2.28° 0
5 Acenaphthene 154 1.164 12 6.5 1.06 360 0
6 Fluorene 166 L1177 13 6.5 1.57 1.68 0
7 Phenanthrene 178 1.208 14 7.0 1.40 1.00 1
8 Anthracene 178 1.241 14 7.0 1.57 0.0446 0
9 1-Nitropyrene 247 1.264 16 9.0 1.08¢ 34.81° 0
10 3-Nitrofluoranthene 247 1.290 16 9.0 143° 135.6° 1
11 Fluoranthene 202 1.314 16 8.0 1.22 0.206 1
12 Pyrene 202 1.336 16 8.0 1.27 0132 0
13 Chrysene 228 1.428 18 9.0 1.72 0.0018 2
14 Benzo(a)anthracene 228 1.438 18 9.0 1.58 0.0094 1
15 Benzo(b)fluoranthene 252 1.502 20 100 1.40 0.0015 2
16 Benzo(k)fluoranthene 252 1.516 20 10.0 1.48 0.0008 1
17 Benzo(a)pyrene 252 1.522 20 10.0 1.50 0.0012 1
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RPLC/DAD$E ¢ 44} Polycyclic Aromatic Hydrocarbon®-9] #4off 33 Q5(1) 21

18 Dibenz(ah)anthracene 278 1.580 22 11.0 1.79 0.0005 2
19 Benzo(g,h,i)perylene 276 1.596 22 11.0 112 0.0007 1
20 Indeno(1,2,3-cd)pyrene 276 1.596 22 11.0 1.40 0.0002 1

a : no. of carbon(NC)

b : chromatographic correlation factor (ref. 16)

c:ref. 15

d:ref. 17,19

e : calculated in this work.

T Ay MR A log k'€ 13363 1.26424 A2
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Fig. 2. Plot of log k' versus some parameters.
(a) number of carbon(NC), (b) F factor,
(¢) logS
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Fig. 3. Chemical structures of some PAH compounds
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R-zeF 202¢) fluoranthened} pyrene, 25231 benzo(b)
benzo(k)fluoranthene, benzo(a)py-
rene, 2763] benzo(g,h,i)perylene®} indeno(1,2,3-cd)
pyrene| A & o] ¢} »]%q 7 88 b glch

¥, nitro-PAHF 5 oA A& <] 1-nitropyrened}
3-nitrofluoranthene®] 74-$-o% L/Bgtol 9a#jA =
Fg9 zle]lE MY 4 9wl & pyrened} flu-
oranthene Fol| A+ fluoranthene2] log ko] 13142

fluoranthene,

Chrysene
(mw=228)

Indeno[1,2 3-cd]pyrene
(mw=276)
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4] pyrene(1.336) 2t} WA L= e, o)L w|
% fluoranthene®] £-#1%(0.206)7} pyrene(0.132)X%.
o} o] =A)uk W 2 L/ Bgto] 1.228 4] pyrene(1.27)
B} =) wfEeleb AzpElch olo] u]# nitror) 7}
X188 7§l lnitropyrenec] WA £2)sgic},
o]Ee] LAxgd wimEle] B o A 3aitro-
fluorantheneo] 1356284 1-mitropyrene(34.81)%
o} WA o] 27] e dA 429 HAog oA
23 Y L/B3e edste B9 nitror] 7} 28w 9
2| & <glsted Jnitrofluoranthenes] L/Bglo}l 1432
22} l-nitropyrene(1.08)Ex} =7] o], l-nitro-
pyrenee] A L% zle g YzHRc) e} L/B
w3 PAHS-9] o] X120 AR3A1E 2y L9
= 5 oE AdAge] AR AdHoes a4 Qg
£ 9 Achs 7S ¢ 5 el

vt RAlefo] 2289) chrysene® benzo(a)an-
thracene®] 73-%-, chrysene?] L/BZto] 1.7284
benzo(a)anthracene(1.58) B} v Zdlx EP3l3
chryseneo] 238} 214 fe)se 4R ADE o
F3 sith o} L whed] EAle] Zo|uto 2= 4y
3l7] Sl Li Fo] Ryt vie} o] B2 =7
7 AR e 2R Bt JIATFEIF wF-Fel| AgE F
Ao R fAEC)IS ) Fig 39] Bal-F3el A Bi=np
9} zte] chryseneol &= 271 2] whsf <ri @A}ge] 2oL
benzo(a)anthraceneol & 1#4tel §ich wakA] chrys-
ene2] 28] W o ot AAA Hi ol F 2717 A
slo] Bbe] o] zhashA Ho24 FAQ T2
2 uixA @ RAolch 2B R o]7le] & HHHo|
2ol A i, 1 A AR Adee] e} Fpage
24 v 5 A7) BobAcha AR} B4l ohy
2} dibenz(ah)anthracene} benzo(gh,i)perylene2]
79| % dibenz(a,h)anthracenes) & 270} wrs i
AAgo] 21, benzo(gh,i)perylenedlt 124 ¥ojr]
ul£of dibenz(ah)anthracene?] HwAo] B} o 7}
A8lA 9 7o)} webal dibenz(ah)anthracene?]
ol g £ %7} 0.0005mg/ kg2 A benzo(gh,i)
perylene(0.0007) 3.} 2} Bl ohe}, L/Bitx
dibenz(a,h)anthracene®] 1.7924] benzo(g,h,i)pery-
lene(1.12) B} =z x|}, WwAde] Az Qlaled 23]
A Ax fiE e AR Azpgct o] = 12 W
P2 A4S 712 32 9E phenanthreneoirt fluo-
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ranthene®] anthracene ® pyrenei.t} QA 4= =
vl e A Ago] 2704) benzo(b)fluorantheneo] #
2 =4o] 170 Q) benzo(k)fluoranthene®.c}
HqH S A el =g 4dE R
L/Bgtte] #A%s vl wa 3 dAsta de4 ¢
=+ sl

A, nitro-PAHHF-2 1-nitropyrened} 3-nitrofluo-
ranthene®] 73-3- 3-nitrofluoranthenedll = 174 2] w}aj
FA Aol Q)3 1nitropyrenedl & {180l % ¥
8}3. 2.8]2) l-nitropyrenee] WA $elsE Ahg
A& ol gt ol L/B3tell ¢ o gkx o
nitro7]7} ¥ A5 FoUA G oq 2 HEn
o} nitroZ] ol 2%} G = F7)ell 2% A 3Fo) o] A
24-87] f £ Aoz Y7} £, nitro-PAHF
2] g2 HEE AHNRY 4714 nitro-PAHE 2% %
FEx & PAHET wA L=gich ojne
nitro-PAH”} PAHE T} 2-3bega) FRte] @] of Foll
W5 A)zte] Aol Ao ¢4 e X9k, nitro-PAH
o] %7} o} PAHFRT} A 37] o Fol] £33
& 575 A)7be] Felbxlcha AR Thble 4).

o} 47} o] WA HHEA ) o} By oz u
g o2 7H2 AFEE QAES FEH o2 sl
PAH#2 AREA5E 24 AEst] & A3 54
Aot o] F A% 57 ARQFF w{F-FA3ke) A
oixicke A& gasisich v ol E F 7HA A}
2AE o4 A4 R nitro-PAHFS £314%2 49
T F gigded, ol A3ty Sl 48lx L/B
ratio ¥ WA Apge] o) g QAEE M4
A1A Rkt 2 A3} phenanthrenes®} anthracene,
fluoranthene®} pyrene®] -5~ 412} Al 7}x} QA =}el)
217t s Ade] BF rhgslgch 9, § s1A] o] AlA
gl nitro-PAHFS A9E 43= % L/Bulbegs
Advjo] TR, o] B2 wWallFgAbgel o g W
Aol A W S Fo) B3] LA F & B
£ v]A 3 9lS-S g3 5 Aok

4. UdE

B QP E BAR Fol 3§41 20359 e
urekE bl A(PAH) 3484 dAzzeteawl
slE B el 24" 5 de i AeeAE =
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A Axda, JEEASE 283 v oS g2 A
& 4L 5 gk

WA HPLC/DADEZ PAHF® 207X 8 ¥43 3
3} g2l o2 MeOH/H08 M43l MeOHS =
& 60% A 80% = WHBIAlF| S B3 1%4 F71A
71HA 71gv]| Sl e S AAHE 0 o] F Afe
A £217} 7F58lednh. PAHRS 54 UV $5a3
2.2 4¥ 7+ PAHe diste] 73 %38+ 100~
500ng /mLR3, AA EAlEe IFt FHEIHA
(MDL)+ 0.5ng~2.5ng H 2l oh HPLCO 4] PAHH
o S8A%5e A4 gty F ozl £3E,
L/B ratio ¥ walgidxpge] & 502 Ay 5
sledr}. o]F b2l A F qlR)e) e 4-4-2] PAH
¢l log k'eh= A4 A Q] vl wA Y] A=t -
2l o] E At R o] A A F nitro- PAH%‘T‘”]

YA 5E A9% 4 gk e Eel A &
dxel L/Bgt ¥ whsadagel 8 s
ol E-o] P REAEE HAWY T Udch F S =
log k'2h wiwlell o] fAI7L A=l R 7] o)A
g A% S8t AARTE og k7 B}
= 71E galslgc}. g,
benzo(k)fluorathene, benzo(a)pyrene 53 72 o
H-o] olAAlA e S AEL L/BibES vy
sﬂ*—ﬁ% 3 qdgli=d, 48 H3t L/Bgle) £ A¥-e
log k'o} &713H¢ galstdr) =& PAHS] #=} 1°]
ubal A glabg o] ol o]k FrAde] Ao o} 2
Al 2] et vl 3 dRghche AblE gl

i

Benzo(b)fluoran- thene,

A2l 2

B od5te 1996 = A5 F- 7] 2t A shaq
T2 (BSRI-06-3439)¢] A dell o3 =0
olo HAt=guic).
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