47 % S3#rike% (FENXI HUAXUE) #9844 %6

2019 46 H Chinese Journal of Analytical Chemistry 814 ~ 822
[{\%\%\%\%\%\%\%\1 DOI:10. 19756/ j. issn. 0253-3820. 191089
LA RO & §
Seasacaaaaaamean

SUAEREREREBEREHNEREZHFTREQN PN A

BB gER KOXT BT AL gz
VRGBS TR, I 430200)  OWBHFR T 20t 3088 TR S54b2%240%, %I 471023)

W E ZIHFFIE(Polyeyclic aromatic hydrocarbons, PAHs) J& G I FRE 15 Yy . AN 57 38 13 Wk R Ak s 1
H4 A kAT B2J7 ( Graphene Oxide, GO) B2 3 [ il 1 s S ALk B MAHE e 1, 175 GO BB i B8 M, L H 43
L SR AT RIS S X AT RAE AT, DAL R AR AR U TR A SR IR AR 1R, 558 T HiX
R PAHs HYZEIUE ETERE . AR EE (Pyr) HTF[a] B8 (BaP) Fl 4 JF[a,h] B (DahA) 1 1 SR AAEUT i
F7 78.5.98.2 M1 102.4,G0 5 PAHs Z [0 m-m HEBUE FH ARG /K 1 H 4 Ao X A0 PAHs 630 H 4058 119
AL, S45A ESORAR ORG-S AMG AL B ST T PAHs BB OTIE, BIR(S/N=3) 45 0.02 ~0. 11 pg/L,
FERMR(S/N=10) 5 0.07 ~0.36 pg/L,9 Fl PAHs 7£ 0. 1 ~ 150 wg/L B EL BN LI LR RY (RP=
0. 9947) . FMEMAS AT K RAIUR 4 SEPRFE S PAHs TR mIC2E R 81. 5% ~107. 8 % , AHXTAR
WEMZEN 1.0 % ~6.5 % (n =3) . AT IEAER G F TS, 0 FH T SLhrAR i PAHs A9

P PUCTIAR REISEURHE; [FRIHOEIG 293k
1 515

Z 5% (Polycyclic aromatic hydrocarbons, PAHs) &—FEAMEA LG el , 43 F 45 h & A A
WENTTI AL EAN T T2 AR, A B0 B BR800, 05 R £ | B PR GR , JE Tk 5E
PR EE TS Y ) I, R TR DU R PAHs ARSI vk 4T EREE W AN A B AT E
B, HHT,PAHs BRI 7 B A 8 RORAR €35 12 (HPLC) UM B3k (GC) AR 3% - T 1% 156 12
(GC-MS) F1%e ik (FL) &, Horp HPLC Wbl | RS A S, HARSZ PAHs R ok #E &M, AT
ZRITEFVE S SRR RE S T PAHs 199 S8 O R sORR B KOF, FURE SRR 20 L O S A
FTHE ARSI, A5 355000 2 B B A i A B S . Y PAHs B AT AL B ) 1A 2R IR AR TR AE L
[P R A RN [ AH A5 B ( Solid phase microextraction, SPME ) 251611 Horp SPME ELA #:4E {7 8 A MLk
R ek /D R AE IO 1o A R A PR IR K VB R R Y PAHs R P oA R G (4 B i B0
PRAE A fy — b P AC) AR B3 26 O I, 9 A 3 o 1 | Lh 3% 1m0 B R LA R B Bl 08 A 4 e
Zhou Z& P14 T B (W RENMIR T HE-2 1% —H IE N IR ER ) /40 KA FL — S8 AL ik 2o A B Ak T
JKEEH PAHs & £ | 45 & S R0RAR (i - 25 /MG ( HPLC-UV ) SEEE T X 298 BRI, 46 HH BR A 10 pe/L,
Zheng %V T LB MR RS AR AL L AR ST T RFICAS 45 FEFNTEI 4 Fh PAHs AOAGIN Tk A HY
B 2.4 ~8.1 peg/L, AP T TAE T, I FH B - 56 b 5o B 0, 7 B Ji 8 Mk 1T 5 | L = I 2R
1 C1T Je €, 1S SR ST TR 16 A PAHSs B4R BT 7 1 R R4 3 0. 08 ~3.72 pg/L F10.04 ~
1.51 pe/L, BIRMZE SRR, FAIRAEBOR SRR BB B A AE B RE

WEFE R I, B SE AR AR IR GOR AT 7 BRI A5 AT BRI L R TR, % PAHs A F 0 1 25 L 5 4R
PEF Y AL BB ( Graphene oxide, GO) &—F ELAT “ 428 MI45H) , BL&A 5 IRIE IS H
REA A LGB 24l ot AN s AR 07 s B0 I 2 1, a5 26 UM k) B BE
Han %2 5145 T Fe,0,/G0 &AM T BKEE T PAHs A9 E 4, K HBRIAF] 0.09 ~0. 19 pg/L, GO
5 PAHs 8] ) - SERURIER K/ A S 3 3 8 T AR AU 2 MR RE . FF GO $eAk SRk (M, A R
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TRAE GO EEHRE s R LU B A L3, SR £ PAHs AU 4,

ARSI 3 WP Ak SN K GO 3B B il 2% 1) 22 Ak ik J B AR AR R 1, WA GO BB RE R AR A
DL R FEIAR BRI BT, BF9E T GO X PAHs PYZEEUCHERE S AVEFIBLEI . 454 HPLC-UV, #57 T PAHs [
FE AT TS I F T SEBRAE S PAHS ARSI

2 SLIGERS

2.1 (UERFEHR

LR 1260 Infinity SRCRAH IS (3 E L HARRHE A RA R ) 5 B AR 20 S (£
FEERRAH]) 5 SU 8000 FUFAH L+ b 135 ( H Sz BB H RN F]) 5 HR 800 55 43 B b b 2 56154 (1%
[ Jobin Yvon /AH]) ; VARIO EL cube A HLITZE 51 (FEE Elementar 28 7] ) 3 FESTIE (1 E 2248 fH R R
BT ; BRLA S EE (530 wm L Db RKESITE@IE S A F) o

DU AR BERESE (TMOS,98% ) N 3k — H e ( APTMS 98 % ) ( BRI KA HLEEFATBHA R ) 5
A7 2Ky (fE AL AR FIAA PR A ) 3 M ZFE(PEG, MW =10000) JR % (Urea) W IE W ( [ 2545 1k
FIRFNARAFD) 3 30% H,0,(4Hr4k) , B (Pyr) ZKIF[a]tE(BaP) ., —2KJf:[a,h] B (DahA) PAHs %
BFRHERES (B (Pyr)99.3 wg/mL ZEFf[ a] B (BaA)106.5 wg/mL. (Chr)106.4 pg/mL FEIE[b] ¢ H
(BbF)217.4 wg/mL KIf[ k] 2¢H (BkF)107. 8 wg/mL KIf[a] ¥ (BaP)111.5 pg/mL EiJf[1,2,3-
ed B (Inp) 213. 4 pg/mL, 2K JF [a, h] & (DahA)201. 9 pg/mL A ZE I [ g, h, i] 3& ( BghiA)
107.0 pg/mL) , ¥ [ 35 [E SUPELCO A w] . SEB FHK 28 FK
2.2 GO ZHEFERERES &
2.2.1 GO ##% RN Hummers 3% #il 4 GO, HARIITF . 78 1.0 ¢ A 2 MA H,S0,-
H,PO,(9:1, V/V)IRATR 134 mL, HLWSHEFE F L2182 A 6.0 ¢ KMnO, ,50°C {l1¥#5 S0 30 h, [ b 45 )
Jo, BT B 150 mL 7KK N 8 mL 30% H,0,, KK 10% HCl Tk B£8Rk E
Hpk TS 2B K TR A3, 15 GO KGR
2.2.2 GO ERBEREBMEEHE (1)E@FALAE  JH 1 mol/L NaOH FEL B SRS K
0.1 mol/L HCl , LB FrKk bk E bk, BT, & H, (2) IR AR & B 0.90 mL TMOS,
0.10 g PEG #10.22 g Urea 52 mL 0.01 mol/L HAc IR&, KIS T HE BB B, B A IR AU, EAK
8 em Y FALFE BN, o5 ,40°C BRIk 20 h, FETHEZE 75°CPRRF 3 h, il A5 I - B R A: , 5 8
FORATH BRI bR A%, (3) BASAEDY K 1 mL ZIEIHAIF APTMS HEEAE TR (30% , V/V) LA
50 L/ min i) HE ARSI, £ )5, 70°C I 6 h, 15 B AL RE I Mk | H B o el 2, &5 H
(4)GO 424 440.02 mg/mL B GO KM HORK 1 mL LA 30 wl/min 93313 A G AL RER B AR AT, 2t
Ui Jei 40°C N 6 h, 3 3k PR Ak SRy il A5 GO HER RER S AT, 2 S IR 25 88 1K R EE e, Bk
KW GO,
2.3 FRERTRESH

HEFAFRIC Pyr \BaP \DahA #RifEA 4 0. 01 g, AT EZS 2 100 mL; HU PAHs IS H5HE 1 mL, DA
BRI E A5 2 100 mL, HIFEE-/K (1:9, V/V) BERFR BB T R IIBRER I, 4°C BB RAE R
2.4 ERRERSE

PL GO FERRE I AR Ay AR R BN B, R 5 em KORSRE R VE ST 28 413k | ATE S 22 3R s 2 ~7 [#]
AR, A2 IR e 1 mL B S A AR, T 100 ul/ming SRIGHU1 mL FE A IA
W, FEPLE 50 wl/min FHFATAEEUE 55 N, KA S AN ER A AT, AT 20 wl/min, AR HT 10 plL
FEATRHEA TR (L5 534 . AEHUFERT 24 30. 5 min,
2.5 @itsH

{63%4E . SUPELCOSIL LC-PAHs % H4E(25 emx 4.6 mm,5 pm) , K5 30°C, #ii#: 1.0 mL /min,
SHMEK: 254 nm; HEFESE. 10 pL; WEHAH A IHEE B oK, BREEVENL: 0 ~5 min,80% A;
5 ~35 min,100% A,
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2.6 HmRERLIE
2.6.1 #HmFE OFMMS. AFE ARG A8 (55 S1.S2) ; @b EK. /3 A Ek
JTHHEK T (45 S3.S4) SR (45 S5.56) (UK P (45 S7.S8) , 3k 6 MRS, @RS RY . i
bR o7 e R AR AR R R SR AR S KR (435 SO ~ S14) &7 (4 S15 ~ S20) KR BE b 3L
124,
2.6.2 HERAE OFMMS. M A GRS NERCSS  WIORE T E, FHH
FEIK(1:9, V/V) REFTHMR, 1L 0.45 pum S8, QML) EK . AL 0.45 wm SRR E , 35 TP BE-K =
1:9(V/V) I HL BB, @RABURY) . PAHs $2 B IR E AR A i b B 5 12k 647, SR EBUR AT
Je R EEIK (129, V/V) R A AR 4°C B BHAE 2.
3 #R5iTie
3.1 GO RIE

Wi FT-IR %I H GO #EAT T R4E (B 1), 3420 em™ AbAYW UG IEIT B T —OH BIfH 45 4R 3,
2021 em AW U I TR T —CH, B4R SN, 1734 em™ AE WG M R IE T =0 MM%idR 3N,
1366 cm ™ AbIRIRIE S C—O0 ZSIEARES), 1228 1 1053 em™ ARG 43 51 C—0—C 1Y U X BRI 45
RN FIXFR MR IR SN, LHI S GO & —COOH .C—0—C Z5HEM | 530k 29 ]k —%k,

K2 o (a) F1(b) 0B JEREA B A=) GO BIHLE Gk E , A B2 E A LG, D 15 (1350 em™ ) |G I
(1600 em™ ) FLE A 48K, R WA B E WAL, 5L /MR RIELE R & .

90 4500
L 4000
~ 0 35000 \
IS —~
S = 3000[ A
5 5 WMN_J <
% - } 2500 \ <
Z z 2000F
z < , | \ £ 1500F \ b
£ 60f 8 8 = 1000
= ] a 8 i .
8§ 500 A :
50 \m 1 | | 1 1 O 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500 500 1000 1500 2000 2500 3000 3500
Wavenumber (cm™) Raman shift (cm™)
Bl A 3B (GO) L AMGIE ] K2 (a)fid (b)GO, (c)ZEALREBHREAFERI(d)
Fig. 1  Fourier transform-infrared ( FT-IR) spectrum of GO R RERIE R hr &k A
graphene oxide ( GO) Fig.2 Raman spectra of (a) graphite, (b) GO, (¢)

aminated silica monolith and (d) GO grafted silica

monolith

3.2 GO ¥R EER B & &GRL

GO FEHAE AR A i BN 3 s, o P R IS -BE e 2%, A Ak TMOS (PEG | Urea FI
HAc B, #5500 S 07 25 | R4 REIRC B AR AL 3 SRJ5 LA APTMS A28 SE A | 5 7k B 1A b 358 vl 3 e
IKARE O G AN R GO RIAAR A 5 3 UM 3R I 2 5 (0] A IR AL S BEKE GO HER B kSRR AARAT

GO FLR R FE S M AR RE UM RE . %558 T I NS [R) R BE R GO e B2 45X GO J5 8 2 By A R T
FEHLO. 1 wg/mL Pyr 0. 1 wg/mL BaP 0.1 wg/mL DahA A5 %F 42 LAFEEUG FE S (0 3 06 1 Ak A H5 X
FARFEAE LB UEA T ITA

FEA S N TR R T8 GO #EA e, AR H T OB ]2 1.3 .6 1 10 h il & s8I A T, B 52
HXF Pyr BaP DahA M2 HUE SEAE N, 45 R LR 4, BlAE KON I ) IEAS GO FEABCRIE TN S8R FE X PAHS
AEHE T R AR BN, ZEBCPERE R T . M N I ]R3 6 h B, AR PAHSs (14 06 T R A K, 4K 52 SiE K )
], TR AR AL, PRI, 4% GO HEASSUW I E] 2 6 b,

PE1E GO R BEA Bl F 14 0 £E B 8 AR AE R 1 GO M EEAL B, 43 B EE I GO Yk &4 0. 01,0. 02 F0I
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—=Si —OH S

(1) 40C, 20 h APTMS T
+ ¥ [—Si—OH ————— = _T— O_Siw NH,
S

(2)75%C, 3 h 70°C, 6 h

COOH

v

| ——Si——0—Six _~_ NH=C—{§ ,
0
J00H COOH C I
COOH COOH COOH - $— 0= i~ NH—t
40C, 6 h ‘ 0

Si=— 0= Sisse~o NH—C

3 GO M RERCREERAE 1 45

Fig.3 Preparation of GO grafted silica monolith

TMOS ; Tetramethoxysilane; PEG; Plyethylene glycol; APTMS: Aminopropyltrimethoxysilane
0.03 mg/mLifil £ GO 432 A% fik e % A R:, xif #L %) PAHs A HRPERE WLIK 5, 45520, 5 R4 (GO,
0 mg/mL) (1925 [ fF B8 AR AL AH LL, #2 4 GO MR M ZE et fig LA i F 4 7 2 GO Mk
0.02 mg/mL B}, BERHXF Pyr BaP \DahA ZEHUHEREfAE . GO HaB A RERSL (A X 8L 7Y PAHs A5 4558 1)
AU R

1800 1800

R B
1600 RS Daha 1600 N Ebaha
1400} 1400 i
1200} 1200F 5 £
5 1000f 5 1000 b ke
19205 NN S5
< soo} < goof SN
6001 6001 E B
200k 200k EN | BN BN
| L g :’oo‘ :’0’0’:
1 3 6 10 0 0.01 0.02 0.03
t(h) ¢ (mg/mL)
Pl 4 S R R[] %) A fACAE: 26 IO BE B4 52 ) K5 GO #RIEE X R AR AL RE Y 2
Fig.4  Effect of reaction time on extraction performance Fig. 5 Effect of GO concentration on extraction
of monolith performance of monolith

Pyr: pyrene; BaP: benzo [ a] pyrene; DahA: dibenzo [a, h]

anthracene

T AN RN IR E (40°C \50°C .60°C [ 70°C) T il 451 GO HB ke B kE (AL U R, 45 4%
WY, T B R S g VA W S 5], 2 IR B S PR e N B R 40°C
3.3 GO ZEHFERERHRIE

FBGE S B AR AR 3l I F A (SEM) X EIE S AT B 58, A1 GO FEAS R B 5 A AT B A I
5 JREB SEM K (El 6A F11 6B) s AR 5 RELS & 5% #RIIFLAR I S) , S5 A T B, W A R 475t GO
FERRE I EARFE T IS 1 SEM & (8] 6C 1 6D) A] U, 32 f e AT 4 ) 32 1T 10 B R A8 48, i GO &
BT TR e e A

FH 0 B 224 AR RN B AN T B | AT JC R A B ML 20 i, 2538, GO H2 k4
Joa BARREE C HEMN11.9% LS 13.2% , 8 N SHM 3.3% FFESI3.1% , 8 H &5 M 3.3% L7t
F3.8% , %W GO 3%k T RERCIEMAAE
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P2 YIS AT s R (F 2¢ F2d) £, GO 445 , 78 1350 11600 cm™ HY B T A4~ BH I8 A W% A 0
3R GO FUAFAEIE D AT G 1§, E—A R GO B IR Tal i ik

400 pm
i

K6 GO HAE I AR R (A) AU (B) LK GO HALHT (C) Ja (D) Byt B 4]
Fig. 6 Scanning electron microscopy (SEM) images of cross section (A) and partial (B) of GO grafted silica

monolith; monolith before (C) and after (D) graft of GO

3.4 ZFEEUMBIEM

PL GO HEARE I B R KEXT U8 PAHs 19 & ST ECH TS AR R HARBUERE . &R0 SR8 2 U
VR P A3 BT ) T R P S AR RS B R FE R LB, DL GO A RE IS AR HE S SPME A ik, 47
%1 mL Pyr BaP . DahA (0.01 wg/mL) bRUEFBGHEAT AT, BEAFER AT 3 K, SCERgh %
B 8 {KFEXS Pyr BaP DahA 4 & £ 158000 34 5] 78. 5 .98.2.102. 4 (n=3), B# 2> T (Pyr BaP,
DahA 73524 202 252 278) #4111, GO 5 PAHs [A]Hi/KVEFHIEHE | [FIHHE Pyr BaP DahA 25K &4 4 ~5
ATFH,GO 5 PAHs [BIFFAERCIR I m-m HERWEH , 15 GO HEA kBB A X LR PAHs RIS
(R HE U BE
3.5 EESWHENER

PL GO AL RE I B AR A Jy SPME 4 Jif, 454 HPLC-UV, #5371 PAHs B E 0T 54k, %7 0.1 ~
150 wg/LYEFENSE NI PAHs RIIFRIERHEIT 00T, W B AR bR | 25 UG B i €0, 335 0 TR FH Ol A 4
PRHEATEAE A 7387 ,9 i PAHSs A1) 7 B 2R PR A6t BR (LOD, S/N =3) FilE f# FR (LOQ, S/N =
10) W% 1, MIEERB R?=0.9947 K HHBRTE 0.02 ~0. 11 pg/L ZJa], ERBRLE 0.07 ~0.36 pg/L Z ],
K7 24 9 Fh PAHs TR A AR ELEEHEAE (a) HAHUS H#EME (b) 5 R,
19 Bl PAHs HURIERZR TR AR R LR M R G BRI B

Table 1  Regression equation, correlation coefficient, linear range, limit of detection (LOD) and limit of quantification (LOQ)

for the 9 kinds of PAHs

e 7 HXAH i TN T T B
EZIS 7 . Correlation -
PAHS Regression coefficient Linear range LOD LOQ
> equation (R?) (pg/L) (ng/L) (pg/L)
1€ Pyrene (Pyr) y=2.4182x-0. 1853 0.9992 0.3 ~100 0.08 0.25
Benzo [ a?jﬁt%?gc‘?r‘\le (BaA) ¥=6.5954x—1. 3428 0.9969 0.3 ~150 0.08 0.26
Chrysene ( Chr) y=11. 8399x-0. 2837 0.9991 0.2 ~100 0.06 0.20
KF HE B
Benzo [ﬁaﬁlg(g;ﬁ];‘le( BbE) y=8. 1144x-4. 2007 0.9974 0.2 ~150 0.06 0.20
Benzo [ ﬁﬁg;&ﬁie (BKF) y=6. 1602x-7. 3653 0.9964 0.4 ~150 0.11 0.36
Benzoz'[:ﬁ [p;re]nztﬁ BaP) y=8.2207x—1. 9801 0.9974 0.1~150 0.02 0.07
Indene [E'iﬁz[lféjfiy]wae (lp)  7=1-7512x + 18005 0.9967 0.2 ~150 0.05 0.16
N -
Dibenzo [zﬁ?jl: Euéllt,hlglg:e( DahA) y=4.0194x-5. 6137 0.9947 0.2 ~100 0.06 0.20
Jfle, b, ildE y=9. 19312-6. 9040 0.9969 0.3 ~100 0.10 0.30

Benzo [ g, h, i] perylene (BghiA)
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100
~ 80 K7 9 ff PAHs IRAASEEAEILAT (a) J5 (b) @K1
f’é 60 Fig. 7 Chromatogram of 9 PAHs standard mixed liquor
2 before (a) and after (b) extraction
= 40 1-Pyr; 2-BaA; 3-Chr; 4-BbF; 5-BKF; 6-BaP; 7-DahA; 8-BghiA ;
]
=20 9-InP.
0 1 1 | |
5 10 15 20 25 30 35

t (min)

22 B2 T AR LA [ A AR B AR R 3Ll ST 19 PAHSs R 5 . 5 HIA 9 HPLC-UV K1l PAHs
AL, A7 e N LR PAHS (198 AR RE &0/ R BRI, 5 HPLC-FLD 507 V46 HY BRAH T

K2 ARITIEE ORI IAEREXS TL
Table 2 Comparison of performance of this method with literature methods
A . e - S Y "
R LK LRRRER, ot R BT oy
xtraction X ) Detection
. PAHs Real sample LOD LOQ Ref.
medium method
Cg- SRR BaA, BbF, N y
C,g-silica packed column BkF, BaP Bovine tissues 0.012 ng/g - HPLC-FLD [11]
R E S T Ace Flu, Phe, ok 3C
Magnetic nanocomposites Fla, Pyr Rice 0.01~0.18 pg/kg - GC-FID [12]
Ak 4 B R
ﬁﬂfﬁjﬁﬁﬂﬂ A A - 0.05~0.2 pe/ke  GCxGC-TOFMS  [13]
molecularly imprinted e st Tea : -2 pg/kg
material ete
REWRALE KA
Polymer monolith Flo Water sample 10 pg/L 40 pe/LL HPLC-UV [15]
??E_Eﬂ%/ﬁﬁ Tk JE 2 Ak e i
H: Bip, Flu, JKH
Silica hybrid monolith Phe, Flo Water sample 2.4~8.1 pg/l 8.0~27.8 pe/L. p-HPLC-UV [16]
modified by octyl
Co FEME TR Al R R AT: Nap,Acy, Ace, + 15
Cy silica hybrid monolith Flu, Phe, etc Soil sample 0.08~3.72 pe/L. 0.26 ~12.4 pg/L HPLC-UV [17]
Clzﬁiﬂﬁ?;}%ﬂﬁ%ﬁg*i Nap, Acy, Ace, TKEE
C,; silica hybrid monolith Flu, Phe, etc ~ Water sample 0.04~1.51 pg/L. - 0.13 ~4. 65 pg/L HPLC-UV [18]
gﬁ%éﬂ*%ﬁ%%‘%% o
Nap, Phe, Flu, TKAE
Silica  hybrid  monolith ~ Pyr, BaA, BaP  Water sample 0.1 pe/L 0.3 pe/L GC-MS [21]
doped carbon nanotubes
GO/ Fey O, MM RL .
R Flu, Pyr, BaA, TKEE
GO/Fje3 0, magnetic BaF, BaP Water sample 0.09 ~0.19 pg/L - HPLC-UV [28]
material
N N X Pyr, BaA, Chr, RAHURY)%
GO HEBRE AR AT S B Bop . AT A
CO st sico momolith BDFs BKF, BaP, ~ Atmospheric 0.02~0. 11ug/L .07 ~0.36 pg/L were-uy LR

DahA | etc

particles, etc

3.6 ZERREmSH

3.6.1 FNEREIMCSELE A E ST A AL B AR I O AR AT AR IR S G S5 SR WL AR 3 AR TR AT
PAHs B HNFRIENEE H 81.5% ~107.8% ,RSDs H 1.0% ~6.5% (n=3) ., AI7iERCRE S KB ER
U G SRR AN ZER

3.6.2 EBREERSW RIS NNE T AWM AL EK KR 20 AFE & 9 Fl
PAHs B & (£ 4) , FAEMIESH PAHs & H A H 514 0. 040 F10.044 pe/cig, M4k #EK M
K FKAE AR A ) PAHS AR /K A PAHSs 6 S50 010 2.7 F14.2 we/L, UbAZEAE 7= i f v
B KR PAHs A, SMIERTEAS SIA R B, Ak TS A F: KA ORI PAHS SF- X4 A
0.024 F10.039 pg/m’ , &ZF KA WRAH PAHs & EAIHE R , AR ST RIEMARHI AR KA 55
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#£ 3 SZBREES T 3 Bl PAHs B9INFR kR

Table 3 Spiked recoveries for 3 PAHs in real samples

TR Cigarette smoke

L] EIK Coke wastewater

KEJHRIY) Atmospheric particle

ErY bRk s e IS
ERTRE G ked level BRI BRI 2 R AR 2 R AR 22
PAHs (peg/L) Recovery RSD Recovery RSD Recovery RSD
(%) (%, n=3) (%) (%, n=3) (%) (%, n=3)
5.0 81.7 1.7 88.6 2.0 83.2 3.1
Pyr 10.0 85.6 2.8 90.3 5.8 91.0 55
50.0 97.3 7 106.9 2.3 105.3 28
5.0 81.5 3.6 85.3 2.2 83.2 4.5
Bap 10.0 85.6 1.0 90.9 3.7 94.4 4.5
50.0 96.0 1.1 106. 1 1.1 107.8 2.6
5.0 82.5 3.4 91.3 1.5 88.3 1.7
DahA 10.0 88.6 2.9 98.8 3.6 90. 1 2.6
50.0 97.2 2.4 104.7 .9 103.1 6.5
F4  SLERFES T 9 Bl PAHs S m RG24,
Table 4  Detection results of 9 kinds of PAHs in real samples
FE b L T51E PAHs
Samples Pyr BaA Chr BbF BKF BaP DahA BghiA InP
MWHWEES < o
AR ST (g /cig) 0.0043 ND 0.0014  0.0047 ND 0.0067  0.0064  0.0069  0.0091
Cigarette smoke S1
MRS :
TR S2 (g /cig) 0.0059  0.0026 ND 0. 0060 ND 0.0096  0.0052  0.0058  0.0085
Cigarette smoke S2
SEAL) K SS (/1) 0.24 0.63 0.23 0.35 0.17 0.44 0.34 ND 0.32
Coke wastewater S5
FEAb) IR K S6 (ng/L) 0.32 0.82 ND 0.56 0.22 0.96 0.82 ND 0.47
Coke wastewater S6
£ R 3
RN 9 (p/m ) ND 0.0037  0.0033  0.0017 ND 0.0084  0.0056  0.0036 ND
Atmospheric particles S9
=y 3
KAWAA) SI0(pg/m*) o 0006 0.0043 ND 0.0047  0.0021 ND 0.0051  0.0041 ND
Atmospheric particles S10
= I g 3
KWK SI (pe/m’) 6 0034 0.0028  0.0052  0.0039  0.0032 ND 0.0036  0.0026  0.0031
Atmospheric particles S11
= I g 3
KR S12(pg/m’) g o915 ND 0.0046  0.0016  0.0052  0.0041  0.0019 ND 0.0029
Atmospheric particles S12
ja— 3
KAWRA SI3 (pe/m”) 0 0019 0.0031  0.0015 ND 0.0032  0.0038 ND 0.0052 ND
Atmospheric particles S13
=y 3
KAWAA) S14(pg/m’) 0002 0.0023  0.0025  0.0032 ND 0.0031  0.0072  0.0067 ND
Atmospheric particles S14
= I g 3
KWK SIS (pe/m’) 6 0053 0.0032  0.0076  0.0052  0.0041  0.0041  0.0035  0.0053 ND
Atmospheric particles S15
= I g 3
KWK SI6(pe/m’) 0049 0.0046  0.0086  0.0045  0.0051  0.0046 ND 0.0045 ND
Atmospheric particles S16
ja— 3
KWK SIT (pe/m”) 0055 0.0038 ND 0.0075 ND 0.0043  0.0038  0.0048  0.0069
Atmospheric particles S17
=y 3
KRR SI8 (pg/m”) ) 0975 ND 0.0084  0.0041 ND 0.0034  0.0041  0.0065  0.0076
Atmospheric particles S18
= I g 3
KRR S19 (pg/m’) ) (086 ND 0.0067  0.0065 ND 0.0056  0.0052  0.0057 ND
Atmospheric particles S19
= M 3
KVBRA $20(pg/m*) 0065 0.0065 ND 0.0062  0.0038  0.0054  0.0058 ND 0.0061

Atmospheric particles S20

ND: Not detected.
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Preparation of Graphene Oxide Grafted Silica Monolith and
Application in Determination of Polycyclic Aromatic Hydrocarbons

FENG Yong'?, PENG Chuan-Yun’, ZHANG Shao-Wen**, GAO Ya-Hui >, YANG Rui-Xian *, LIU Hui-Hong*'
'( College of Chemistry and Chemical Engineering, Wuhan Textile University, Wuhan 430200, China)
*( Department of Environmental Engineering and Chemistry ,

Luoyang Institute of Science and Technology, Luoyang 471023, China)

Abstract Being priority control environmental pollutants, the determination of polycyclic aromatic
hydrocarbons ( PAHs) is of great significance. In this work, a novel silica monolith was prepared by grafting
eraphene oxide (GO) onto the surface of silica monolith through amidation reaction. The morphology and
structure of the monolith were characterized by scanning electron microscopy, elemental analysis and Raman
spectroscopy. Using this monolith as a solid phase microextraction ( SPME ) medium, the extraction
performances for typical PAHs were extensively investigated. The enrichment factors of the monolith for Pyrene
(Pyr), Benzo [ a] pyrene (BaP) and dibenzo [ a, h] anthracene (DahA) were 78.5, 98.2 and 102. 4,
respectively. The excellent enrichment property of the monolith for PAHs was attributed to the w-m stacking
and hydrophobic interactions between GO and PAHs. Therefore, a facile and sensitive detection method for
PAHs was developed coupled with high performance liquid chromatography-uliraviolet ( HPLC-UV ). The
linear range was 0. 1-150 pg/L for nine PAHs (R*>=0. 9947) , with limits of detection (LOD) and limits of
quantification (LOQ) of 0.02-0. 11 pe/L (S/N = 3) and 0.07-0.36 pg/L (S/N=10), respectively. The
spiked recoveries of PAHs in cigarette smoke, coke waste water and local atmospheric particles were between
81.5% and 107. 8% , with the relative standard deviations ( RSDs) from 1. 0% to 6. 5% (n=3).
Furthermore, the developed method was accurate, sensitive, simple and reliable, and had great potential
applicability in determination of real samples.
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