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Synchronous spectroflucrimetry was carried out for the simultaneous determination of various polycyclic
aromatic hydrocarbons(PAHs) in aqueous solution by fluorescence spectrometry have been studied. The optimal
wavelength interval(AX) for synchronous spectra of acenaphthene, anthracene, benzo[a]anthracene, fluorene and
pyrene were investigated in the presence of surfactants. The great enhancement of the fluorescence of these
PAHs in Triton X-100 was obtained and optimal wavelength was 50 nm. The calibration curves in synthetic
mixture solution of 5 PAHs were linear over the range from 1.0x10°M to 1.0x10*M. Under the optimal
experimental conditions, the detection limits were 4.9x10°M, 7.0x10°M, 4.7x10°M, 1.6x10°M and 3.2x10°M
for acenaphthene, anthracene, benzo{alanthracene, fluorene and pyrene, respectively.
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21 AgAs

PAHSsE & 25 Supelco(Bellefonte, PA, USA)A}

2y 3t PAHs £ 4384 25mL
S£FEGAA 1.0x10°Mo] JEE gL H
A Azt PAHse 8§92 A% Ao AY
A8 HFE FHA AREHAT. AWZHAZ
AL2-%  isooctylphenoxypolyethanol(Triton  X~100)
= Sigma(ST. Louis, MO, USA)ALZ2H, sodium
dodecyl sulfate(SDS)= Junsei Chemical Co. Ltd
(Tokyo, Japan)2%E, sodium dodecyl benzene-
sulfonate (NaDDBS), dodecyltrimethylammonium
brimide(DDTAB) 2 1-dodecylpyridinium chloride
(DPC)e  Aldrich(Milwaukee, WI, USA)AFl A
ot AHEEP T, AREAAA SAL 779 A
gAY FErt 1.0x10°Mo] HEE Sad4, A
#Hatz] Ao HIGE FIHA AL FHFTF
£ MilliporeA}(Bedford, MA, USA)¢l Milll-Q
water system& ©|&3 L& 182MRo|}e A¥&
7t gol&FE AgEAth

2.2. 717

B A" Aled g383As SPEXAKEdison,
NJ, USA)olA} Az & Model FL111 spectro-
fluorimeterol®, F9o 2= 450W Xe lamp, 7|5
% 7] (reference detector) 2% silicon diode, A&
o] ¥38 A3 $3HZE 7 (emission detector)
2+ HamamatsurHBridgewater, NJ, USA) Model
R928 PMTE AH&3Sith 2 &A= DM 30009
g8 Ael"En, Az FF Ad 7E2HE7de
400V, E3H&7ldE 00VY Mol AY=E 3

At &332 74 (increment)® A& A ZHinte-
gration time)< ZtZ} Inm$} lsecZ 33, BRAH
2HEHS A7) A8 acquisition modeE signal/
reference® Aga gt & G FX(exci-
tation monochromator)$t ¥% @4 372} (emission
monochromator)?] ¢, &7 Y4 05mme €3
L ALgE g a, ANge 3838 =A%) 4% &%
Afcel) 2= Abdo] 13 lcm Mg AL A3
ok WEA7IE YA Y NE ZdEoA SAs
A& pHE EAs] s MettlerAH(Schwer-
zenbach, Switzerland) Model MA235 pH/lon
analyzerg& AM&-314 .
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Table 1. Emission characteristics and optimum wave-
length interval(AA) for acenaphthene, anth-

racene, benzolalanthracene, fluorene and
pyrene in aqueous solution
Emission spectra
PAH MW. No/hemy () A(nm)
Acenaphthene 134.21 224/336 50
Anthracene 17823 251/418 50
Benzolalanthracene | 228.29 273/49%0 217
Fluorene 166.22 264/310 46
Pyrene 202.26 240/372 132
nmol Al #Hxue B9ElE d4& F UMtk EF ¢

" =
Az el uE g gAe] A AelE 30nm,
50nm, 70nm, 90nm, 110nm=z u}pFEo] 7tHA FA|
YFrAeD S S48 B Ay Fgate]7t 50nm
o @ B 7 HF F dojwn, EFS
ol 8mmmeA #Hxe 5 E YeEhA

Anthracene 5% 2#E#L BInmolA 2 519
et dehda, @&y Avle 418mmell A
18 585 Yt =5 94839 B
% 9AstAA e 9gate]E 30nm, 50nm, 70nm,
90nm, 110nmE upite] 7t FA] FFAHEHDS
=48 2 Az fZAest s0onmd wW B39
27t 7t & doiwx, 597l 370nmol 4
19 B985 YA

Benzolalanthracene®] €% A~HWEHL EE9%
o] 273nmellA H 19 %—TE] YE 1L, 31“4
W48 490nmell A ﬁl”-J %—-ral‘—"‘ & F
ATk EF dAsAA e wE g o
ZxpolE 30nm, 50nm, 70nm, 90nm, 110nm, 217nm
2 upte] 7HHA FA FFAUEHS A E
A3 gAaol7b 217nmY o B9 2st 7}
& & dojym, EE3Go] 273nmolAM Hz:e ¥
S8 E JeEhIA.

Fluorene?] €% A#HEYL 5E197Fo] 264nm
A Hie B YA, BEa3L 310
nmel A Hxe B9EE dE F ANtk =
Aggz oL W& GG BFAolE 30nm,
46nm, 70nm, ¥nm, 110nm=E w}4o] 71u FA] &
FEFYoE EAF B A, JAHo|7} 46nmY
g B2y Best A F dojyga, EE 9o
264nmell A H e F$-8& et

Pyrenedl % i-‘:ﬂE"ﬂ" 240nmol A F 319
+¢9e LH:—MJ%!I’— 2948 372nmolA Hx
9o e 98 & S’,l th EE 9AsZR Y

W G329 92 2ol 30nm, S0nm, 70nm,

&

I

Gohra

o BAAY

%Pnm, 110nm, 132nm=z wHFo} 74 FA FFx
dEQS ZA & 274 132nmY 9 %‘Tﬂf”] s
g7t b 2 dojwtx, EEg7o] 240nmollA
19 F5EUE YA

5 7}A] PAHs¢ W& 2FHEH FA] FF&0
EAL HNEEL 1 FA] FFAHNEHN &

29 2als & dojyte -

32. PAHs E&&9 54 8§34 A2dEH
PAHs E&&E& A#%st7] 94T HH9 sgatol
787 98 1x10°M anthracene, 1x10°M
yrene, 1x10° M acenaphthene, 1x10° M fluorene,
x10™M benzolalanthracene &84 Az 4%
, S @A wE G e AR
°]2 10nm, 30nm, 50nm, 70nm % Ynm = ¥
ANFEA EA HPAFEHS 245}93\ 51—} 4
#Z Fig. 1o} JERIAT. Fig. 1004 &
o] mAza}ol7F 50nm ¥ W7t 7 PAHsY
o] #glHo] ety HAAto] 7}t 50nmE.
¢ 2L e 4 PAHsY 57t HAA ve
o}

33 AREANAY 4%

1x10°M9] acenaphthene, anthracene, benzola]
anthracene, fluorene % pyrene® AHEAA &4
ol = AdEHT] WE ANEHS g o
35”*3]7)4 Z23a 3 g ZAse] Table 291 YERY
2lth, Triton X-100¢} &) slolA] acenaphthene,
anthracene 2 fluorene> ¥EA 717t A F7tst
% 3, benzolalanthracene< FFA 77} #H4xd e
1, pyrened HFAZE= W37F QAT Acena-
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Fig. 1. Synchronous spectra of synthetic mixture
solution of anthracene, acenaphthene, benzo
[alanthracene, fluorene and pyrene using
different Aks: (a), 10 nm; (b), 30 nm; (c), 50
nm; (d), 70 nm; (e), 90 nm; concentration of
each PAH, 1.0 x 10° M.
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phthene® NaDDBS &4 3lolME €% ~dEY
o] gFAMt 25 F7H8Hsleh. Fluorene SDS,
DDTAB, NaDDBS, DPC 59 AMEAA &A 3
oA FFA77t 38 Fasdth mEs oF
o BE Agdr AWZAAE Triton X-100&
ALg-3te] LT,

34. PAHs £3&9 AAZA

5719 PAHs EFE FE&994 54 3 &
Ho 2 HIe wo HA FAE F317] Ha) &
A ZALEE £ AEjolA Zk PAHsE S €5 ¢
g3z e @4E dAFAE FFAolE Sinm
3ol PAHsY 55 WA 7|HA HFA7E S
AstH 1, olE o83t AHFITHME FAAsIH.
HEdAe nggde g3 E 103 33
EFHAE F3¥ D, 7§ ZFUAE 3 F3d
FEZ g3 tElglth. Acenaphthene ¥EE
1x10° Mol A 1x10°M7HA) HgtA 718N E349
9o ZBFAVIE FHs A FAZHE Fig. 2
of YelNIth Acenaphthened] ZA Aol AYde=
e 1x10°M~1x10*Mol o, M9 4
FE 0961, AEFALE 49x10°Mel 2t} Anth-

WU = 2 o

Table 2. Emission intensities of 5 PAHs in different
media®

Tnton
X-100
Aceraphttene 1.99x107 324x10P 1.69x107 211107 1.68x10° 140x10°
Anthracene  1.43x10° 991x10° 880x10° 806x10° 9.29x10° 1.03x107

Benzolal-
anthracene

Fluorene  2.24x10° 982x10" 517x10° 901x10° 784x10° 881x10°
Pyrene  200x10° 200x10° 1.73x10° 169x10" 1.89x10" 537107
*Unit: count per second(cps).

Concentration: PAHs, 10x10°M; surfactants, 10x10°M.

PAHs Adqueous DDTAB DPC SDS NaDDBS

250x10° 9.62x10° 2.20x10° 3.06x10° 2.451¢° 537x10°

9

3
e

<
.

log (Fluorescence intensity(cps))}
~

log([Anthracene])

Fig. 3. Calibration curves for anthracene in synthetic
mixture solution of 5 PAHs.
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racene FEE 1x10°MolA 1x10°M7HRA] ¥ A
WA Eggd9 FFA7E S48 e A
Z¢ Fig. 39 YEtUSITh. Anthracene®] 24
o] AYste WYL 1x10M~5x10" Mol en A
Ao ABASFE 098U, AEFAE 70x10°M
o]t} Benzolalanthracene F%Z  1x10°Moj A
1X107"M7HA] HSAA 7HRA L9 FAIE
248 A% HAAXANE Fig. 491 YehRA
Benzolalanthracene® 2 XAdo] AYste WY+
5x10 " M~1x10°Mel om, 2 M9 AaAFE 0993
oldm, AEHAE 47x10°Mo)Ut}. Fluorene ¥

2 1x10°MOl A 1x10°M7AA] WMEAA 7HEA
£ FFAVE A FAAHF HAIHLLS
Fig. 59 Yelilt). Fluorene®] Aol A3t
= o 1x10°M~5x10"Melglen, daAsE
099731, BEHAE 16x10°Mollth. Pyrene ¥

g 1x10°MOlA 1x107'M7ZER R EA A 7R A
|99 YFANE EHIY FAAAF AAHIAE
Fig. 691 YehiSith Pyrened HAAAo] AYsie
W= 1x10°M~1x10"Mojlon Ao Az
FE 09949t A& eAE 32x10°Mol Atk
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Fig. 2. Calibration curves for acenaphthene in syn-
thetic mixture solution of 5 PAHSs.
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Fig. 4. Calibration curves for benzo{alanthracene in
synthetic mixture solution of 5 PAHs.
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Fig. 5. Calibration curves for fluorene in synthetic
mixture solution of 5 PAHs.
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PAHsE W& FTRAMZ HXA0) Z3d 1%
2 o] ¢ EFEE LEA Ye BF A,
AglMe 54 FFEFHE o] &3t 789
o] PAHsE A#Fste WS A3, Adg
AAE HFEA RS FE, 5A FFEFHe
2 PAHsY] #HA FA JF2HEHE ZAEAY.
Zt PAHs®] HA FA FFAHEHE ZAG 2
3} acenaphthened I}#A}o] 50nmoll A, anthracene
2 #AF Aol 50nmolA], benzolalanthracenes =%
ko] 217Tnmol A fluorene® 34x}o] 46nmoll A
pyrene FZAto] 132nmoll X B-$8l9] xols} 714
=1, F589 Zo| Fith AHGAA EA3}o
A9l PAHsE AREAA $ Triton X-100014 7}
g & g% I EFHE d4g & I 579
PAHs¢ E§ES FA FF2HEJLE A Ao
7F S0nmE dell A FA gFEE A&
F AT ol HH % Az} wE
Gl gl g2 ol olE Fa PAHsY EFEe A4
o] AgstE WYE 1.0x10°M~1.0x10"Mel i},
Acenaphthene®] ZHA =49 A#ASE 09961,
AE@AE 49x10°M0]% 2, anthracene®] HAF
Ao AaALFE 099301901, AESAE 7.0x10°M
o]t} Benzolalanthracene®] AR ZH 9] A#A S
£ 099309 AE#AE 47x10°Mel A 1, fluorene
of AATHe FAASFE 0997)1Uc}. AEeAE
16x10°Mol 9t} Pyrene®] ZAZA Ag A%
E 09940102, AESAE 32x10° Mol A th.
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