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15 kinds of polycyclic aromatic hydrocarbons in water were detected by solid phase
extraction and ultra-high performance liquid chromatography
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Abstract: The traditional solid-phase extraction has many disadvantages. It alwaystakes a lot of time and uses too
many organic solvents. Besides that;” when there are a large number of samples need to be solid-phase extraction, most
of them will have the phenomenon of retention.To improve the working efficiency of the staff in laboratory, we provide a
new technology of on-line solid phase extraction. This method can test 15 polycyclic aromatic hydrocarbon ( PAHs )
pollutants in water. The water is enriched by on-line solid phase extraction column, high performance liquid
chromatography column separation, acetonitrile and aqueous solution gradient elution, fluorescence detector detection,
and external standard method quantification. When the sample volume is 2mL, below samples will have a good linear
relationship in the range of 5—80 ng-L™" likenaphthalene, acenaphthene, fluorine, phenanthrene, anthraquinone,
fluoranthene, pyrene, chrysene, benzo( a) anthracene, benzo (b) fluoranthene, benzo (k) fluoranthene, Benzo (a)
pyrene, dibenzo (a, h) anthracene, benzo (g, h, i) pyrene, indole (1,2,3-cd) pyrene.And alsothiswater sample
recovery ratehasexceeded 80%. This method can be used to detect 15 kinds of polycyclic aromatic hydrocarbon
pollutants in water.

Keywords: polycyclic aromatic hydrocarbons, on-line solid phase extraction, ultra performance liquid

chromatography.
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19 PAH IR AE R, o 2% A PR B (g B 7 A= Al R 1 52 i, 9 3% [ BRT 410 A o [ SR B A 2 0 e ) JR 44 3 v HL
i 1 L8127 BRI 22 BR 5 R 1Y 3 RhbRAiE )y 1252 EPAS50 EPA550.1 Fl1 EPAG10, JIF 2R FH fRAE il B Ak B 07 92 22 T — Y A B
FIES LR FAHZEIL(SPE) , i e 28 R A S B 28 R 5 5 AR 22.

ASCR ] Waters OA( Open Architecture ) RGEHY Online SPE #2 A il AT /K BERTAL R, @237 T MK ik w15 Fh 226
IR AT T B A SHEAT IR SA FEIPELF R ATARAE R A AR R ] Waters PAHs % B AT i
AbEE AR , 4808 T oy Bt a) 38 T AT RAUE . /T, %% B R AT R FH T b 5 7T B8 i b DX T K h 2355 48 25
YRR R Ry R A S IR R A B B R R B A AT S T RS R SR AR AL T S RN I AR

1 KIEH
L1 A AR SR

T 28 195 A7 2 B -8 1 30K 16335/ ( Waters Open Architecture 22 4¢ ACQUITYQSM-BSM -2777C-FLR, Waters 2\ &) , 3¢
), oM W (G54, Fisher Scientific A, 3EE ) , 4K (BEMG IR 240K, T E ) , C18 /i (CNWBOND HC-C18 SPE
Cartridge 500 mg,6 mL) ,Oasis® HLB [EAHZE B ( Waters A 7], 32[E ) ,0.22 wm REEK ( PES) K AHERIE Sk ( Waters 2>
A, 2EE) , BRI R EREY R (CDGG-110124-06) 200 mg- L™ ( 4l = 96.4%/,02Si A}, EE. 25—
SUE A AF BB L ROF (a) BEIE (D) SR RO (10 S RIF (a) B O (ah) B A (g, b, i) 46 BDF
(1,2,3-cd) ¥, W57 ZHE) .
1.2 &M

4 H B FRLR AR AL IO B A PR 7R 28 AR A UV B A5, IUOCE (& 448 ) TR BARAE IR, O 28 (4 ir
F) TS AT AF 0—3.8 min, PUTTIE AU B AHH 5 R G B S RE 38 i A S8 26 4R [ AH ZE U MRE v | 58 ke
b P ZE U AR ANGE 4.1 min B 7530 B TF AR DI 22 0 M b, e B AR A [BIAH ZE U NEE | ) 2 IR DT B2 T5 e )
VR Z A A AR IR T4 BRI, [ Bt 10 50 2 4 Xof 57 AR FEZR [ AR AE B M HEA T o A 1k

PEREARA . 2000 L.
1.2.1  EREHAE R

IKEERTAL B K AEZE 5T 0.22 um REFIR (PES) /KA 2008 Sk ( Waters A F], SEE) T UE 5 , 276 £k WA 2L UL EA T
AT AL

TELR B A ZEBU/IME - XBridge €8 (2.1 mmx30 mm,20 pm) (Waters 23], 3 , sl A 20, B bk B e i
UL 1.

R VUICHR G SR R

Table 1 Four-element pump flow phase gradient meter

Sequence Time/min Flow/ ( mL+min™") A/ % B/ % C/ % D/ % Curve *
1 0.00 2.000 10.0 90.0 0.0 0.0 Intitle
2 0.50 2.000 10.0 90.0 0.0 0.0 11
3 3.80 0.010 10.0 90.0 0.0 0.0 11
4 4.10 2.000 100.0 0.0 0.0 0.0 11
5 8.50 2.000 10.0 90.0 0.0 0.0 11
6 15.00 0.200 10.0 90.0 0.0 0.0 6
7 16.00 0.200 10.0 90.0 0.0 0.0 6

# Curve ; Waters YRR 23T 7 5 HHORORFI B HE A7 4 th 2 | BV 900 10 RbBs 2 i 2, 20 bk APt M2k (k5 4 FhZETY o 11 R
7RIV — 5 I 20 22 AR L ) I AT L 81 5 6 37 DA b — i 20 28] 8 — 5 5 i 20~ 249 72 4 AR i ) 3 sl AT LE £

1.2.2  TJGH (BSM) tilh &1

5 . Waters PAHs & FHPLE A (C18 S-3pumWters 23 ], 2 ), #E7 30 C ;i shtH A 2N, B K B EE VR R Y
WLZ 2.
1.2.3  FOL I A

FE FIZEO CRER A TR , Z2 A5 RIS e 3 IOR. RSB ] SRR AR B ISR 3R 3 I,

2 H#R5TR
2.1 FESHTAL I

RERTANEE R A ZE R B C18 AR e B AR AE Uk 8 b 5B H 10 mL &l P BTk C18 4, s 7
HAEE T 10 mL PR BIUIEIL C18 AF, K 5 mL; TR 10 mL K43 PRUIE AL C18 K, R 5 mL; ZETH AL i A B L
FEFI .76 1000 mIL AKEE (& AT KRR AR BUR SR /K B 00 T8 24 8500 FimA 5 ¢ &AL 8AA 10 mL i RA 855,
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PA 5 mL-min™" B9 53 B2 © 35 AL I B0 €18 4. 10 mL /K whk C18 A5, E 25l ik 10 min B¢ H 5 46 & < Kk C18
10 min, ffiAE T4 0 5 mL 4 LpeBE i C18 A8 5584 5 min J5 , F91 2 mL — G PR BRSEAT , e 40 R MAC 22 37 11 e . e 4
% 0.5—1.0 mL, A 3 mL 2, B4 E 0.5 mL IF, BJa dEME R D] 0.5 mL &l

R2 TIUEMSAHMEER
Table 2 Second-element pump flow phase gradient meter
Sequence Time/min Flow/(mL-min™") A/ % B/ % Curve "
1 0.00 1.500 50.0 50.0 Intitle
2 0.50 1.500 50.0 50.0 6
3 3.80 0.010 50.0 50.0 11
4 4.10 1.500 50.0 50.0 11
5 5.30 1.500 50.0 50.0 6
6 9.40 1.500 90.0 10.0 6
7 9.60 1.500 100.0 0.0 6
8 11.80 1.500 100.0 0.0 6
9 12.10 1.500 50.0 50.0 6
10 20.00 1.500 50.0 50:0 6
11 22.00 0.200 50.0 50.0 6
#* Curve : Waters JRAHSM AT 7k T iR B2 (0 28 4 it 2, B 30040 10 FioBh B (4R, 20 b P BE  MIZR A 4 R Horp 11 3oR
7 B S5 5 I 200788 SR L AR BN AR A5 5 6 2% DAL — I 20 38) 5 — 15 A 220 - 349 725 6 A SRR 78 S L 461
R 3 TOUKMI YA I ) 0 e
Table 3 Fluorescence detection wavelength time event programming table
Sequence Compound Time/min Event Parameter/nm
4% 7.30 Ex Wavelength 240
1 —&E .
i 7.30 Em Wavelength 380
JE 7.30 Ex Wavelength 240
2 B 7.95 Em Wavelength 460
Py 8.00 Ex Wavelength 235
3 it 8120 Em Wavelength 385
Jith 9.00 Ex Wavelength 295
4 I (a) B 9.00 Em Wavelength 380
A (b) Fe
42&3—?( k) e 9.00 Ex Wavelength 295
5 B ()T 9.60 Em Wavelength 410
ZoEHfCa, h) &
FH(g, h, it 9.00 Ex Wavelength 295
6 BidfE(1,2,3-cd) t 10.63 Em Wavelength 400
= 9.00 Ex Wavelength 295
7 =& 10.78 Em Wavelength 500

FELHTALIE  BRUEMRE N 20 ng- 17", LFERH 2000 L, QSM WEMEAR T L« 1.2.17 . 4n5& 4 WisR , (G 55 SPE A2y
5, ISR 9.6%—76.7% ;{1 i Online SPE J7%5, [BIZ N 78.09%—104%. 7] UL, {di il Online SPE J5 % 0] A %k & /K 4

H IR R A AR ) .
£4 PIRRTALIT IR I

Table 4 Comparison of recovery rates between two pretreatment methods

23 %7

e ﬁ%@/% | o ‘Iﬁltliz$/% ‘

1&5¢ Lk liEn Lk

1 % 13.5 78.0 9 I (a) B 59.5 93.5

2 TEE 9.6 84.6 10 HIE () T 53.5 97.9

3 Vil 27.3 104 11 I (k) D 58.9 92.6

4 g 64 103 12 #HIf(a) 58.5 98.6

5 )= 56.4 87.8 13 ZHJf(a, h) E 63.3 95.1

6 P 62.7 82.6 14 I (g, h, i)3E 76.7 96.7

7 4 66.7 92.7 15 Bidf(1,2,3-cd) i 56.0 88.7
8 T 68.3 97.3
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2.2 TELIEARAERUME R EFE

WFSEREHE XbridgeC8 Fl Oasis HLB PRI TELE [EARAL U NME | 73 5% 55 5 AL BCREAT I A Oasis HLB /MRS,
5 HARYIAA L2 O R 7, FARYIR BRI, (i AT HE R IR R i ] XbridgeC8 /IMEERT , 5 HARYIAH L 2% 50y i AR
FUBRIARRE 1, 15 Fh 2300528 0 8 B vy WA S A5 DAL 5 P e Xbridge C8 7R [ AH A% I/ M.
2.3 TELRIBARAE IR 750 ) e %

N T REAR S AR R R THI, DPSE R L T 3 FROR[RIK I W3 R QSM KR X G235 58 (4 52 0 o A 47K
5% FR-7KAVE R QSM 7K ARG B AR I 45 SR AT, K FF iR 5% B R IR s 232 S5 ) ¢ i) 1o WD A 18 o, A JPR 488 v 0 L A P 48
KA 2% Z K ~7KAE A QSM /K AR B fy A I 45 SR nl 1, 7K s N 29 1) &K IR, A% Ve B0 143 20 LR s, BLAE ) (o=

7.21 min) N E IS 2 T 1A TR R BE5E gt FHAEKR A QSM 97K A

2.4 JrikeEER

ARSI UE S IR HI168—2010¢ FR5E Wi S 471 5 ¥EAm o ) . 5 [0 G 0 36 %o A o4 40 0 A7 32 00 R i LRGN, 0 i
16 3 F5 (5 W U I B2 AR HE BIR (LOD) |, 10 A7545 W F Ak S Ry 28 B (LOQ) 5 (3R 36 HP X4 2R FH I A A 4G HH PR % a8 B ) 7E
5—80 ng« L™ N 2l brofi i 2k, Rt R L B M A G SR 00 G s BIR BOHG 288 B L 36 5.15 T 2 3055 18288 e fe K 1 S B

BRI PR C 2R 2R A 56 2 %1 0.9954—1.0000,LOD 24 0.4—1.5 ng-L™' ,LOQ 4 1.6—6.0 ng- L™}

x5

15 T Z IR I7 K2R W B ARV DT e ARV OC R B G ) R SRS 2 2

Table 5 Linear equations, linear correlation coefficients, detection limits, and precision of 15 PAHs

Analyte Rtk e R? LOD/(ng-1:7") LOQ/(ng-L7")
ES Y=53.6278x-15.6843 0.9989 1.5 6.0
—AUE Y=122.542x+137.24 0.9998 0.5 2.0
Vil Y=374.972x+5716.37 1.0000 1.1 2.2
B[ Y=120.237x+1414.88 0.9970 0.8 3.2
28 Y=514.31x-19.2227 0.9999 1.3 5.2
P Y=86.772x+214.301 0.9954 1.1 4.4
3 Y=237.225x+340.333 0.9994 0.7 2.8
Jifi Y=108.529x-60.1671 0.9997 1.0 4.0
I (a) B Y=98.5281x-53.2223 0.9998 0.8 3.2
I (b) DB Y=109.196x-147:731 0.9987 0.8 3.2
I (k) D TE Y=1169.64x-1521.37 0.9987 1.3 5.2
I (a) B Y'=443.86x—1006.72 0.9987 0.4 1.6
T (a, Y=254.269x-516.85 0.9976 0.4 1.6
It (g, h, )k Y=60.1087x-130.726 0.9978 0.8 3.2
Bidf(1,2,3-cd) i Y=33.7171x-62.2034 0.9976 0.5 2.0

T < 22 B0 R A o () 3R 7 RV TR AR VR JIE , o 35 0 2, AR AR () 3R (SRR ) i LB, kA BB AL S &

2.5 SEBRREAL AN

BRI I S 56 22 B 1 K BE 22 I 4B RIB2(IV7K) (D389 (HE TR 7K ) WA RE i BE AT AN | WA SE B AR T 25 R A8 1 4
SIAEPIASRE G rR BEAT IbR [0 05, 1] R132 RS RN 5 ng- L™ AFRUEIAR L[] D389 FRES M 20 ng- L™ AR HE
VR, 4 AT I E . 3R 6 TTAN, R132 s v, 15 Fh 23R 55 S8 0 2 45 5 19 RSD<6.4% , JinAw [H1ICRAE 74%—106%

Z A5 D389 HimARAG IG5 5 RSD<2.2% , AT RIS #7E 939%—99% 2 [f].

R 6 TR AT IR EICR (n=35)

Table 6 Addition recovery rate under optimized conditions (n=35)

R132
Compound 1 (ﬁf:TL{E]/) (’ffj”ﬁ/) Wl % RSD/% (bnufﬁ/) (fffg«W'JLﬁl/) WA/ % RSD/%
e 5 4.5 90 3.4 20 18.6 93 1.6
—AUE 5 4.4 88 4.4 20 19.0 95 1.9
%5 5 5.2 104 3.8 20 19.6 98 0.9
BB 5 53 106 5.1 20 18.9 95 1.2
B 5 4.3 86 4.3 20 19.4 97 1.2
P 5 3.8 76 5.2 20 19.7 98 2.2
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Compound 1 (ﬁ::TLﬁl/) (szﬁl/) [/ % RSD/% (bfffl/) fi‘wfﬁl/) R/ % RSD/%
fid 5 3.8 76 6.4 20 19.7 93 1.3
Jitl 5 3.7 74 3.5 20 18.5 922 1.6
AIf(a) B 5 4.6 92 3.6 20 19.5 98 1.6
HI(b) D 5 4.4 88 5.2 20 19.7 99 1.5
AT (k) B 5 4.7 94 2.8 20 19.3 96 1.2
FI(a) B 5 4.6 92 3.9 20 19.6 98 1.8
T (a, h) H 5 4.7 94 2.8 20 19.7 99 1.3
#If(g, h, )3k 5 4.2 84 4.6 20 19.2 96 2.0
B (1,2,3-cd) 5 4.1 82 2.7 20 19.1 95 1.1

3 £ig

ARWFSEE S, T HUF K 15 M IR T 4% B Y Online SPE-FLR P75 1%, B A4 XBridge C8 7E£R [FIAH
HPUNET % 4k, PAHs & HBGHEAE 8, %I L8 SRR ML, ATFE 20 min P 5ERL 150 3R 9536 FR Y 43 B
KM T K 15 Fh 2 B I5 525 ks R 0.4—1.5 ng- L™, 55 B 2 mL /K AEREAS , 3G BT AL 3] 255 20 min BIAT 58
TR, KRR T MR, W T A A B K 48 28 1 K I s 1) &5 51 6 IR 78— YR BESL BRI M, 15 PP £ 2R
T A5 2R e T RRURIVA BB 52t RGP IR DG R 7 ik OR8] LA JROK R 1S s B 5 1 X AGHI 25K
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