SR k)R] A1119 (R145) 261~267, 2008
J. of the Korean Society for Environmental Analysis

2 5tE

s}

gl

ol MM

Bl -

CEE

PAHs 2A% Jjgt

ke’
37333t

=l

]

et

Development of Analytical Method of PAHs Deposited on
Tree Leaves

Taewook Kim and Man Young Chun'
Dept. of Environmental Engineering, Hankyung National University, Ansung 456-749, Korea

A simple, effective and economic method for clean-up samples to analyse PAHs deposited on pine needles
was developed as follows. The juice was extracted from 4~5 g of pine needles cut into about 2 cm, twice with
50 mL of dichloromethane (DCM) in ultrasonicator for 1 hr, followed by collection and concentration using
a rotary vacuum evaporator into 2~3 mL. The extract was passed through an 11 mm wide and 230 mm long
glass column (packed from the bottom with 2.5 g of dumina, 1.5 g of silica and 2 g of sodium sulfate, and
baked at 250 for 12 h) with a 70 mL of mixture of hexane: DCM (1:1). The euate was concentrated into 1
mL by a rotary vacuum evaporator, and performed clean-up with an 80 mL of mixture hexaneDCM (1:1)
using a 20 mm wide and 220 mm long GPC column packed with 12 g of Bio-beads. The first 37 mL of the
eluate containing interferences was removed, and the latter 43 mL containing PAHs was collected and con-
centrated into 1~2 mL using a rotary vacuum evaporator, and transferred volumetric to a vial. Nonane was
added as a keeper, followed by enrichment by nitrogen into 50 uL on a hot plate for the GC-MS andysis. The
estimation using the deuterated PAHSs found the recoveries of the whole procedure as 42~105.1% (the coef-
ficients of variation 5.3~14.8%). As decreasing the molecular weight, the recoveries decreased and the coef-

ficients of variation increased.

Key words : polycyclic aromatic hydrocarbons (PAHS), simple, clean-up method, silica-alumina column, GPC

column, GC-MS
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(PCBs), polychlorinated — dibenzo-p-dioxins/dibenzo
furans (PCDD/Fs) 52 Ag] & wj-d Abolu} &
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column3} gel-permeation chromatography (GPC)
columne|t} carbon columns- 2313l PAHs W&
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I3y FH I =  accelerated solvent extraction
(ASE)°ll ¢J3t A53F=3} SPMDs (semi permeable
membrane devices)E ©]-83t AAZHE Fo] o8
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2.2. A2 M2 & Al

AAE WEEFE4 (internal surrogate standard)
Z+% naphthalene-d8, acenaphthene-d10, anthracene-
d10, chrysene-d12, perylene-d12 (Supelco) & 5%
S, AR WHEFEZ (recovery surrogate
standard)Z+ 4,4-dibromo-octafluoro-biphenyl (Supelco)
5 ARSI Ado] A3t 8m [DCM, acetone
2 n-hexane]2 HPLC grade (J.T.Baker)& AF&-3}4
©m n-hexane2 SF3le] ARSI
AR F 4~5 g9 A WHEFEZS spikestal
2 £EY3 259 FE7]0M A EE FET T
SIS 557104 FE89E oF 3ml7H 5=
Itk 559 Soll= 954, A4 5 48 Walst
= oY 7] QPEEE] FESHL o BE AEE
silica-alumina column® SPMDs (Semi-Permeable
Membrane Devices)E ©|&3}o] A 553t} Silica-
alumina column®]y} SPMDs Tte 2= We|E2S ¢
As) AAL 5= glemg GPC columng ARE3le] T
Al BAEAL o] &S AT FF7INA oF
1-2ml7H] F531th o] 55HE 10mL vialol
AR oz &7 thS keeper24] n-nonaned 713
% hot plateclld] AAE ¢ 50 uL7kA AA3 =
AlA GC-MSZE 48t Als 5 % A
AF&-%¥ Na,SO, (anhydrous granular, Shinyo pure
chemical), SiO, (70~230 mesh ASTM, Merck)<}
AL,O; (Neutral grade 1, BDHy= #712eA oF 12
AIZF bakinggt & &4 FASH] flste] 130°Ce]
QB Yol T3 A3t GPC columnol] AFE-E
Bio-beads= Bio Radrle] S-X3, 40~80 umE AR5}
Fom, FEAo] ARE-H PAHs calibration standard:=
Supelco®] 167FA PAHs &%E& (EPA 610 PAHs
mix)< Fuste] ARE-3tl=tl, standarde] EFHE
PAHs®| ZF%= Table 1o YR Fg. 1& &
Aol HA 85 YERNSH
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Table 1. Nomenclatures and physico-chemical properties
of 16 PAHs analysed in this study

Nomenclature (IUPAC) Formular Molepular Ring
weight No.
Naphthalene CioHg 128.16 2
Acenaphthylene CioHg 152.20 "
Acenaphthene CoHyy 154.21 "
Fluorene C3Hy 166.22 "
Phenanthrene CyHyy 178.22 3
Anthracene CiHip 178.22 "
Fluoranthene CiHyp 202.26 "
Pyrene Ci6Hyg 202.26 4
Benzo(a)anthracene CigHio 228.29 "
Chrysene CigHia 228.29 "
Benzo(b)fluoranthene CyoHis 252.32 "
Benzo(k)fluoranthene CyoHyy 252.32 "
Benzo(a)pyrene CyoHyy 252.32 5
Dibenz(a,h)anthracene CyHyy 278.35 “
Indeno(1,2,3-cd)pyrene CyHiy 276.34 6
Benzo(g,h,i)perylene CyHyy 276.34 “
‘ Homogenized ‘

| Spiking internal surrogate standard

‘ Extraction (Soxhlet or Ultra sonic) ‘

| Concentrated to 2~3 mL

‘ Silica-alumina column or SPMDs ‘

| Concentrated to 1 mL

‘ GPC column ‘

Spiking recovery surrogate
standard and concentrated to 50 uL

‘ GC-MS analysis ‘

Fig. 1. Analytical procedure for the determination of
PAHs deposited on tree leaves.
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3.2.1. Silica-alumina column

Silica (SiO,)%} alumina (Al,Og)E JL20lx EAJsIA|
71" A T WelEES FEBEE silica®} alumina
= POPs AAzo] o] o]au|w lr}68152425
AUFS F PAHs 298 s 557 (FFR2
% 40°C, 55 rpm)elA] °F 2~3 ml7HA 5% thy
W7 11 mm, Z2°] 230 mm®! glass columnel] Holl
ARE ALO, 25 g, Si0, 1.5 g, ¥4 Na,SO, <F 2
g2 |2 Y A7]ZoA 12A]7F ©]4F bakingdr &
hexane:DCM (1:1)© 2 column= A& 3}2 hexane:
DCM (L:1)o& &&3l A& 5 A5 AEES Al
A3t

Silica-alumina columne baking <%of we} &=
7} 9222 FZF haking =2 Lolrr] $5k]
130°C, 250°C 2 400°CollA] <F 12417} bakingdt &
PAHs AAE WREFEA S o83l IJF&S Lo}

H3k=Hl baking =7t E224E F580] WA=
73S BT Baking £% 130°ColA o] H3l4s

2 91% (B1~97%)A L 250°CollA o] H#3]|5&2

88% (82~94%)=. 3]4&o ¥ EAV} A 400
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Silica—alumina column

100
80
60
40
20

Fraction(%)

& m
K K, e ¥~ K K s K e K s X X

0 Lo mm
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Elution volume(ml)

——NPTHL ---0--- ANTHN —a—BbF ==X==DahA

Fig. 2. Elution diagram of selected PAHs for the silica-
alumina column.
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Fig. 2= silica-alumina columng 250°CollA °F 12
A7+ bakingdt TR PAHs ¥F8&9S o]fdle] &=
B8 As Aoz EAF] AETE §E5E7)
HE #atgo] S5 §E5557F =591, hexane:
DCM (1:1) €&8v 60mL=E PAHs2] ¢Hd 830]
1oy o] W dAFoMe R &5 st
o] 5945 70mLE Stk 22y silica-alumina
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3.2.2. SPMDs

SPMDs (semi-permeable membrane devices)+
Huckins?) So] & /sl whgoz Auw Zg|o|
g2l (low-density polyethylene, LDPE) layflat tube
ol AIEE Y¥X 8WE T4 (dialysis)NA AE ol
ZEEo] 3= POPsE AE T WBlEd=4H £
3 Wi ®¥olth. LDPE membrane2 °F 1039
pore size2 7HA3 JEd], ©] pore sizes EA} =7)
7} 550 Da (Dalton) ©]3}¢1 POPs ¥2h= E3HA)7]4L
600 Da o]’d?l AL FHAI7IA &=t} &= LDPE
membraneS X740 2Z 3H442 POPs= 53A7]
ARE Eolut ARl T lol 5 2 S|
717 &=t SPMDs= SR vl AH|E ZQ
2 3] &AL A Y] AREE FAl A=

Jow POPsE #ahA] b= vt A Wi
olmz 2t == PAHse| dAeloes £ W
1 0] T} 6:8-10,12,13,.23,26-28).
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30 cm¢! LDPE layflat tube (ChZ238HE ARR-EFA
d), tube2] & & E& heating sealer® B-213%)
hexane© 2 2477+ FA3l] EFES AAS A
92 FE AU FEIS 1 mA 5
% LDPE layflat tubedl] FHFHoZ A & 4 mL7}t
EAIS % glass jarellA] n-hexane 400 mLE wA|3|
7HFAA 24X7F A 28] FASIITS. o] B4 AE
Fig. 3] YelAAEH), silica-alumina column® 2
A28k Az} vlwsle] ¥ silica-alumina column
o7 AAYF A7 FF=7} SPMDszE A 23
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gdast g Aol 28%= AR silica-
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3.2.3. GPC column

Silica-alumina column®|4} SPMDs THe 2= A 59|
Z3E] e 9549 Xd T WelEdoe] 53] Al
AR egkomz 7 20 mm, Zo] 220 mm 2
el Bio-beads (S-X3, 40~80 um, Bio Rad) 12 g&
ZA A7 GPC (gel permeation chromatography)
column®Z Tt A|EE clean-upstitl. Hexane:
DCM (1:1) 80 mLE GPC columne #2312 silica-
alumina column®.Z §Z3 &vE 3HAFL F=7]0]
A oF 1ml7HA] 553 t& GPC columnol] ¥
hexane:DCM (1:1) E812 SFAFY. FHg 4=

250
200
150
100

50

Conc.(ng/g dry)

acenaphthylene
acenaphthene
fluorene

th
anthracene

t
pyrene
chrysene

benz(a)anthracene
nzo(ghi)peylene

dibenz(ah)anthracene
ber

ESPMDs W Silica-alumina ‘

Fig. 3. Result of pine needles clean-up using SPMDs and
silica-alumina column.
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GPC column Table 3. Characteristic ion of GC-MS for PAHs deter-
mination
100
= 80 Nomenclature(TUPAC) Molgcular C.ha.rac.-
2 60 weight teristic ion
T 40 Naphthalene CyoHg 128
20 Naphthalene-d8 CyoDg 136
0 o= Acenaphthylene Ci,Hg 152
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 Acenaphthene C12H10 154
Elution volume(ml) Fluorene C13H8 166
—«—NPTHL ----- ANTHN —4— BbF == DahA Acenaphthene-d10 C2Dyp 164
Fig. 4. Elution diagram of selected PAHs for the GPC Phenanthrene CsH 178
column. Antracene CiHy 178
Fluoranthene Cy6Hg 202
. _ Antracene-d10 CiDyy 188
GPC column®l] thet PAHs®| 855745 YER! 1S Ppyrene Cy6Hg 202
Z BExlgo] AS4E 8240y} wely Bxlgko] & Benz(a)antracene CigHyp 228
5 s = Chrysene CgH 228
S2 Q=2 w X o7 8=3 & 181112
o O_EZ f E'i‘l‘:‘r GPC column " O= T O Bengo(b)fluoranthene CyoHys 252
299 A 37mlelle G54} x| EotE o] 3l Benzo(k)fluoranthene CyoHyy 252
ouvg g3 UE 43mLE PAHs fraction®® 4] Chrysene-d12 CisD1z 240
= Benzo(a)pyrene CyoHjs 252
Y EES R 2012
ol e18-etiet. Dibenz(a,h)anthracene CypHy, 278
Benzo(g,h,i)perylene CyoHyy 276
33. 824 Indeno(1,2,3-cd)pyrene CyoHypp 276
GPC column®] PAHs fractionS 3|4%1 %7)o)  Perylene-di0 CaD1y 264
A oF 1~2ml7H] %3 thx 10 mL vialell 7 &3]
o2 27|31 keeper®4 n-nonane 50 uLE 713 ¥ 34. 3|18
hot plate (40°C) 9lellAl A4z W33 F 50 uL7kA A8 UIF-EFEZ (internal surrogate standard)=

st GC-MSZ E43131t}. Table 29} 3& PAHs
< 1% GC-MSe| #Ax73} EAdol2S e
ZolH, Fig. 5(a)= GC-MSZ 4%} PAHs cali-
bration standard®] I ZrlEIFE, Fg 5bye Al
ARele] AzrteagS Uepd Zolth

=

‘3;‘

A
=1

= Mool

AREE 5%9] deuterated PAHsS o|-&3le] RE 23
2] Aol gt 3485 Yot AIE Table 490
ERISITE. Exbeo] #toba Fibdo]l & PAHse] 3|4
F2 S HoAlRE Zlom, ExEFo] AA Figo]
v PAHse 3|9-8°| =3 HolAlFE 2 S

T S
BT

Table 2. Analytical conditions of GC-MS for PAHs determination

GC

Detector

Electron energy

Injector

Sample injection volume
Carrier Gas

Column

Temperature Programme

lonization mode
Detection mode
Total Run Time
Injector Temperature

HP 6890

HP Mass Selective Detector 5973
70 eV

Splitless

1

uL

He 1 mL/min

HP-5MS

HP Crosslinked HP ME Sioxane
30 mx0.25 mmx0.25 Film thikness
60°C for 1 min

20 °C/min to 130°C

4
El
Sl

OC/min to 300°C with a final hold of 15 min

M

62 min
300°C
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Fig. 5. GC-MS chromatogram of PAHs calibration standard (a) and pine needles (b). 1. Naphthalene-d8, 2. Naphthalene,
3. Acenaphthylene, 4. Acenaphthene, 5. Acenaphthene-d10, 6. Fluorene, 7. Phenanthrene, 8. Anthracene-10, 9.
Anthracene, 10. Fluoranthene, 11. Pyrene, 12. Benzo(a)anthracene, 13. Chrysene-d12, 14. Chrysene, 15.
Benzo(b)fluoranthene, 16. Benzo(k)fluoranthene, 17. Benzo(a)pyrene, 18. Perylene-d12, 19. Indeno(1,2,3-
cd)pyrene, 20. Dibenz(a,h)anthracene, 21. Benzo(g,h,i)perylene.

Table 4. Recovery(%) of 5 deuterated PAHs for clean-up procedure

Standaed Coefficient of
1 2 3 4 5 Mean deviation variation(%)
Naphthalene-d8 34.7 48.1 472 45.8 36.7 42.5 6.3 14.8
Acenaphthene-d10 50.8 65.3 68.9 58.6 63.5 61.4 7.0 114
Anthracene-d10 80.9 79.8 76.5 70.5 92.8 80.1 8.2 10.2
Chrysene-d12 91.8 118.5 102.5 105.4 107.5 105.1 9.6 9.1
Perylene-d12 89.1 101.2 91.7 98.5 92.4 94.6 5.1 53
o]l A Au & upe} zro] ApRle] XAE 4.4 £
PAHs & 9 A3 WY & 7P¢ 7Hsla 283
olm AAAQl WP Al 4~5g8 239 F= Zpielel]l F&E PAHsE 248w 7)&9)
7194 F%3 F silica-alumina column® GPC  ERT} ©§ 7HHsIY &Fo| AAHOoRE A lea]»s}_
column® 2 “gA3aL, GC-MSE E4sh= ol Azt & WS ofeiet o] /NEsalh
Hr 1) 3= :9F 2 cm ZVE A2 AR 458
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704 2~3 mL7HA| F=3)

2) Silica-alumina column : F=9& 250°C|A] oF
12417+ bakingd}t silica-alumina column (W7 11
mm, Z°] 230 mm, EAXFE ALO, 25 g, SiO,
15 g 7 Na,S0O, 2 g )& ©]&3te] hexane:
DCM(1:1) 70 mLE £=3ly A= == 1
mL7H] 553t

3) GPC column : ¢] ¥=4& GPC column (W
73 20 mm, Z°] 220 mm column®] Bio-beads 12
gg FH)E& o] &3l hexane:DCM(:1) 80 mL=E
clean-up ¥t} &Y F A 37 mLe WIlEZH]
x3Eo] glomz WElx YHA 43 mLie PAHs
fraction®| B2 #F st oF 1~2 ml7HA] S5 5
Z710M 53t

4) F2NE viald] AFHOE 27|37 keeperEA
n-nonane< spike$t Tl hot plateo|x] ZAZ 50
UL7HA] &3l GC-MSZ E43lt}.

5) 5%¢] deuterated PAHsZ A3A 9] 3488 9
7kt A3} 42.5~105.1%(H01 A1 5.3~14.8%)3 21

BAge] AL5E H5ee Ba Wl AFE Ak
Ab A

B ATE 20079 SISk wH] s o)
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