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B K, THREECEF I AL TR FRMNAR RS EIFH LA ETEEL, L T4
7 B 48 4% 22 B (SPME Arrow ) & A& A A& — Mt H K, 23 T KA P 689 5132 L4 ek 5 #7
Tk, BFPRAERT Rk FBUR A F AR MR ) fe 5t 3 ik F 5 SPME R R 69 ¥ ok,
4R B, FRkLDVB/PDMS 120 gmxa‘wééwé\%ﬁ&&ﬁéuﬁwi A BUR 50 °C L3 Rat
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& C—C /N TR 2R ARy 7 8 (<338 ) J7 Je 2K

bGP (PACs) 19 A4 1L, 1135 £ 3 55 §& (PAHSs,
25 8 AE SR ) DL Mk 3 2 M5 i (APAHSs) %4k
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B AT BB & A PACS'™ . 7RIS I R 2, X gt
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FE R FE AL BRI R L A G W 4 R AR 1 1 e i
R S G ST YRV AR BT K R R A Y K
ML A Bt e Xt F B ARfE & 9 50 b7 &) 7=
A T 5 FLAE S50 0 AR v T B R B HL
I, S e A A R RO BR B OR AU . SPMEE
& FE ST 7E SPE el 22 -, W B 700 0 B A A1 S Bk I 2
£ (ST el S ik e 2 el 4 B A S RN S
0 H ARG W SR 5 A2 A HERE 11 T 4 A R R A
BRVE T BT RE A D B A MG R . H
i SPME 2R & 52 FH T W AR 5 b Z2 Rl e 1/
NAERAVER I b TR TRl
SACHE S W43, SPME L 2 AG |32 0 0 A5 ,
WAy DA B MK SPME 3% 1885 AE 3k 30 il <Us
PEFISR IR . % [ A 34 BL(SPME Arrow ) Al HL
KL SPME 4 7 [ s AH B 2% 1 BRURT AR R, PR 0 I B
R W B T R AR AR A B, A
FERXF T 25 SPME Arrow 8 AR #4748 1k, Be & U
3 — 3% (GC-MS) £ AR 523X K 41 PACs 1
PRSHRS I

1 ZRH

1.1 FREmMESIKF

10 AR 73 7 B PAHs b5 i & W 3K 2238 52 5
AR F] AL 2 (Nap) )& M (Ace) JE (Dih) (%)
(FD .JE(Phe) B (Ant) . %¢  (Flua) . (Pyr) JRIf
[a] B (BaA) i (Chry) . 115 APAHSs B3£I K [
Accu Standard 2% & , £ 1-F #£ 25 (1-MNap) . 2-H
HZ5(2-MNap) . 1,5- 1 % (1,5-DMNap) . 1,6,
7-= B 3 Z5(1,6,7-TMNap) . 1-F #£JE (1-MPhe) .
2-F 3L HE (2-MPhe) | 1-H 2L B (1-MAnt) | 9-F 3 B
(9-MAnt) | 1- 1 3£ #¢ (1-MPyr) | 2- H 3£ 9% & (2-
MFlua) . 7,12- Z H 333 [a] B (7, 12-DMBaA ) .
AL PAHs(D-PAHs) I H T Supelco A R . 434l
R BT8R e A W . SER BT Ak ok B E T
Bt ARl A AR A PR | B Unique-R10 5 56 % #
4K R4, HTHT 2R L BE 2 18.2 MQ- em,

5 Ff i J2 b4 Rk AR 3 A5 K W SE 1 2 RE AR R 4L
N F] AL 4R PDMS 250 pm (3R — H 365k A e, IR )2 R
JE 250 um) \PDMS 100 pm (B — H 3Lk A bt IR 2
JE B 100 pm) .DVB/PDMS 120 pm ( . Z 4 3 2/
R AR AL, WR)ZE R 120 pm) L Carbon WR/
PDMS 120 pum (carbon wide range/% — H 3 fit &
Be , W2 JEE 120 pm) A1 Acrylate 100 pm (N 45 2

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

I, U 2R BE 100 pm) o
12 HRERSNEIN

FEAR SCAIF 5T, 2R HIASE 8L 7K #F B 4k PACs 43 #
J ¥, ¥ PAHs Fl APAHs FRAEIE T i BIR &
BC W 2 pg/mL BIAESSARFE . HERFLHL 8 mL /KA T
20 mL T0 28 BE SO H A £ bR FEBC i1 A% 500 ng/L
MR LKRE T B AR & 9 28 BUR A A, 45 4
W H 34 RE . SPME Arrow ¥ U 4 1 2 %
KREMSER %5/ B 58 25 5, 508 QR « 28 BUR JE 8
40 mm, Bk I B S 50 °C, AL B 8] A 1 min, 38
I8 S 35 °C, B FE S 1 000 r/min, A% BR8]
50 min, #HU5E G, SPME Arrow [ 855 A kR
1 g W 308 B i W B[] 87 5 miin

H br fb & 9 P e &t 5 B 78 & BE 18 8890-
59778 SAH 35 B i K AL B8 . >k HI HP-5MS
UI 8 3% £ (30 m<0.25 mm, 0.25 pum) , €4 3% 4 7+
R P a1 F - W) 4R R EE S 30 °C L AR £F 10 min; K
10 °C/min# K FHE % 180 “C,££4F 5 min; FF LA 3 °C/min
T & 290 C, PR FF 10 min. #EFE D EE R
280 °C, Aoy i A AR 5 A R I E A L,
Ui A 1.0 mL/min, B3R H o 3% & 8 + (ED
U5, 85 IR B 230 °C 5 DU AR IR EE R 150 °C, B
TR

2 #X54%

— i S, B SPME 2 BRI S 5+ 24
FE A B AE IO B A BRI i) A W IS ) R 95 e 7
JE AR AR SCRIF AT DA LK RE R E AR AR A W 0 T
FUER, R R S 506 B i fb & 9 % BUSCR I 2
W o AE T A AR 2B S R AR W] 3R % PAHSs
2 I LR A B A A IO % AR [ R APAHSs 5 B
ALY 25 O 3R (0 5 R A 8 PAHSs AR — 3. W
TARMFR PGB Z 445 2 - 3 FF-F1 4 3 -
PAHs Fl APAHs(BRIAEHR 048 11, J5 SCGE PR PACs) .
W fRT AR W, 5 SC &L L Nap F1 1-MNap 43 48 3 2
¥ -PAHs(Nap) fil APAHs(1-MNap, 2-MNap, 1, 5-
DMNap fil 1,6, 7-TMNap) # Bk 4, Ll Phe (Ace,
Dih, F1, Phe #1 Ant) #il 2-MPhe(1-MPhe, 2-MPhe, 1-
MAnt f1 9-MAnt) \BaA (Flua,BaA, Pyr fil Chry) fl
7,12-DMBaA (2-MFlua, 7, 12-DMBaA #1 1-MPyr)
I3 WA FE 3FR- K 4 FR-PAHs Fl APAHs #E BUSUR |
2.1 EELIFE

AN ] RS 1) Bk 22 S R AR T E A LA
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WIZE R [ 2 A R 450 KCE e FT P E T AR Gk TERE 5 RN 2K Bk [ 5E A0 22 8] B 0 B S AT A 06,

Xof AN R AR P A 0 1 2 S v R R R AR 0 T B
5 i) HE BSk o b A 0 1 6 R M R R BURCR L
FE TR, AN [ I 25 Bk 6 T A SR 5 o 21 H AR Ak
G WA ARRIEEEE ARSI . K 1R, PDMS
250 pm F1 PDMS 100 pm Xf 2 3 - 1 3 3 -PACs ¥ 45
U R BRSO BT 4 R -PACs B 4R SO 1Y
# (RSD %3 %}y 4.0%~12.9% 1 9.0%~13.4%) ;
Carbon WR/PDMS 120 pm {X %} 2 #8-PACs A 4 b
1 26 BOSOR L BE A B bR Ak G W) 2R PR BCEE 1S N, 25 K
RO R R 0 i R L A A R A R AR 2~ 34>
B g (RSD 4.3%~29.9% ) ; Acrylate 100 pm Xf H
At & W) e PR 2%, TR R E MR 22 (RSD 2l
6.3%~43.7%)

1 AEZFERSBRUEMERLRG M
Fig.1 Effect of different fibers on the extraction

efficiencies of target compounds

DVB/PDMS 120 pm # B3k Xf 2 3 -1 3 3 -
PACs A fe b 19 R OSSR, % 4 38 H AR & 9 5 4254
H PDMS 100 pm 1 Acrylate 100 pm f§ 2% , {H 52
MR EIPE(RSDE R 0.4%~7.5%) . ZEH
JE A ZE S AN (] 2 B3 R 5 YA AR E M, TR I
KA H PACs 43 A BUR (EZ2 LUK 4 T PAHs f1 AP-
AHs k3 8 A5 & > &t s 4 7 i PAHs)Y .
I, AR SCHFSE 2 B DVB/PDMS 120 pm #€ Bk, JF
J it — PS5
22 EBURETRIE

B HARL G AR, 5 Btk &9
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AR R A G AR PHCRE T A TR R iR
JE Tt e RE AR 2E H A A G W DAV A B o R i R TS
T 388 o A Sk 1 A R R R AE AR o IR
JE G AR TR 0T BE S B E AR Ak A, 0 b
PR, AEBE E A Bk ) DVB/PDMS 120 pm
Ja A B 52T AN R 26 O EE (30 °C .35 °C .40 °C,
50 °C.60 C)XJ Hbrfb & ¥ 26 BUBCR B 5200

1F 5% 45 5 o (& 2, B v BF 5% 38 43 22 78 508 1Y)
FHXF AR HE AR 22 RSD, T [A)) , 2 5 -PACs 76 3K i &
(30~50 C) &A1 41 4 A ALY 2 BUORICR , JF R B
R E B, 60 CA M T 28 U B 35 R AIK , &
BVE A A 2% 5 i F5 A BUIE B AL 30 “CTF i & 50 °C,
3 -PACs 2 BRI Wi 4G n , 76 50 “CHT 28 BUg %
S F A (E , 60 “CH A BUSOR 5 8 BPE YA TR A
XFAFR-PACs T & , B4 26 U BE TH &, 26 RICR 8
W eI AT BN R EEREE TR, X2, E
2 2 7 A RO BE BR 2 8 A5 US| (H AR O iAot
T ok v 0 T B U 25 52 e RS T AR B W 1E
AR —FE Ik (8] 04 43 BC L BT 23 AR AR A 0 Y AR
BOR . BEE N RAFE S KA 2 E IR R Y
SPME Jy il & 8 T 2R " &5 % 84
SCHIFFE AR A G A ORCR DL K T AR E
e 50 CFE M 2L BUR I , JF R iF— 25 1 25 1Rt fk .

2 EFUREX BARL EWEBRBIFM
Fig.2 Effect of extraction temperatures on the extraction

efficiencies of target compounds

2.3 ZEEUATE i ik

SPME A5 FJ2& Bt & W7E R 5L B — A —
Sk 2Z 18] ) W B — 0 B . — ROk U, A R T AR
A, B 25 A8 B ) 4E 458 5 2 3m B AR e & 9 1
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K B RO S ek A Gk A BURE S
WF ¢ % ¢ 7 AN [] 22 U 18] (30 min 40 min ., 50 min,
60 min Al 70 min) X§ % H 45 1k G %) 19 % BURCR 1
R

M3 Ry LU, A B[R] 30 min 5
40 min, 2 ¥ -PACs 2 BURCR K EA 24 , 40 min B} 3£
B HR i P A RO 5 T e R A I ) AE K FE R
BRI, RVAOR UL S PR 3848 . 33R-PACs
A MBS 5 U i 5 A B [ (7% 38 T 86 o, A ERU )
50 min B &L R fe f K FE R ] (60~
70 min) I AN RELK L H2E = H bR b & W A BUSCR , B
D5 ¥ B RS E VB W T B o 7E 30~60 min Y A€ A [H]
P, 4 PR -PACs Z& BUAI [A] B A 52 30 5% 37 38 1)
# {0 60 min VAJE , R R E MW W AR . I
FATTHED 50 min A& B[R] K 250 PAHSs £ 28 RE 3
A 3k B HE T, {F 2E UL B K IR ] 4
A ZR KSR 252w AR Ak A 4 A AR S T — To
25— Ak R) 14 43 TE 55 W BRE— A 1 Ao AR A T 52
M 7k R e . LGS R H AR e & Y A
BURCR DL K O vk R P 16 B 50 min Ry f A4 AR B
i} i) o

B3 FEEHEXNBREESYERLRE M
Fig.3 Effect of extraction time on the extraction

efficiencies of target compounds

2.4 R B i) 5 i

H Ar Ak & W 75 35 R 189 i W A AL 52 31 0 2 45
Fa) 5 U 2 JRE R DA R R 1T 3L R 1) 5 ) A AT g A7 E]
i W B () P 5 0 3 > T R B ) RE A O B bR A
B W DR 2 A e O HE AR L A R
S AL T BE R AE TR 8] S5, 25 58T A ) ik I B[]
(1 min.2 min.3 min.5 min fil 7 min) %} B frfb &Y

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

BRI 5

F L4 ] UL X T M iR 1Y 2 M -PACs T
F L AE 1~7 min @ W, B bR G P BUSCER
O Y, By B R A, BRI R AT A 0 5
2 IR -PACs fiff W %50 5 1 56 B P 2R 2 0 % 11 3L B i 3
fif# Wz BF 8] 5 X T 3 3R -PACs, 48 %8 B4 i W 1 7] (1~
3 min) ALK A W 5 8] (7 min) 28200 PACs 2 BURL
SR Bl 25 B A ZE K, 4 IR -PACs ZE BUR R E Wi 2 5
AR IF AN 2. SR &, AS B 5 R IR AR R
IEHXT?Eﬁﬂc/*%zzﬂwziﬂ’ﬁ?ﬂmfﬁiﬁ Xl

it & 1F 2 B 5% P R O G U TR B A R
PRI 10 8210 SR 2 5 A A A X e W ] 3 AT A A
o LA H IR W A BROR O R g 1k
A B 552 o 17 FH o st 80 1 1 3R, % B 5 min S R AR
V1% figt WAL s 1) o

B4 fEUEEE X B RS YR
Fig.4 Effect of desorption time on the extraction

efficiencies of target compounds

25 HHEERERIE

e 0 A ISk AR UL B A IO [ R 1 e
(6] J5 , %2 T A A £F 3 (300 r/min . 500 r/min .
800 r/min.1 000 r/min.1 300 r/min) % H ¥r 4k &
AR B Z . WS A BoR (K 5) ,2 38 -PACs
{18 A% U3 S B8 0 s R AIG, 24 388 183 2 2 800 r/min
I A 2 i A Y 25 ORI 5 Ak 2 0 kB R, AR
BT W H RS e P W S AR . B 5 B P B
300 r/min 1 2 800 r/min, 3#-PACs i 2 BRI
R T I 0 e, YRR B 1 000 r/ min B AR AL
AR 7 Ve MEAE T 422 Y R (R Y Bl
1 300 r/min B A B % FRR R M BH i A T R AIK .
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5 WHEEXNBERUEDENIROFIG
Fig.5 Effect of stirring speeds on the extraction

efficiencies of target compounds

XA -PACST 5 , bl 1 FF 5 B2 5 0, 25 B
R W B v R o v Y R R O AR M
(I S B P il R UK e < B IRV = L R E
TE& W05 TP HE NSO, 40 S 3k 31 38 0T BT
B ()2, 3 R Ry B P A BT B AR L S
YRR R T B B A TS 2 B AR BOROCR  (H i

PR B T 23 DR U A BT U0 A, SO R 2
T TV BUERZY . 54 % ARSI
o FR AL A AR BRI vk R i DL R S B R
e AR L YE R 1 000 o/ min R RE R . BRI
J i 1 8 B O 25 A R A Bk DVB/PDMS 120 pm
FE O BE 50 °C  FE BT ] 50 min | f# W A ] 5 min 2L
N FEH EE 1000 r/min

3 FHERiE

31 EEHMK . &MEE SRR

Bic il ¢ BE A 500 ng/L YLLK BE (n=6) , K H
D AR5 1 A8 B R 00 A7 3 52 M, B T K 1 b
& W 7, 12-DMBaA (RSD=17%) , H: 4 PACs ¥
RSD 7E 7% ~13% i B (£ 1) , 5 3C#k [ 29-30 ] 2 i
S5 LML, AR T 2 2

AR XM T, 2 % -/3 ¥ -PAHs 7£ 0.05~
1000 ng/L 3 AT R 4F 26 11 5 &% 5 B A Joe B A A2
JERG M LA K PAHs B & BEXSG N, PACs R BUEE RS 22,
HTHEMEERA —E25 (&1 3L 35E
M LG R 1O A5 A5 MR L T H 53 H AR Ak & K D BR (Limit
of detection, LOD) fil £ £ F2 ( Limit of quantification,

x1 BHRAULGUHEZEEE EXRERE RURSEER

Table 1 Linear range, relative standard deviation, limit of detection, and limit of quantification of target compounds

Hirfb & R/ (ng/L) LOD/(pg/L)  LOQ/(pg/L) RSD/%

2HTF R Nap 0.05~1 000 0.66 2.2 8
1-MNap 0.05~1 000 0.51 1.7 9
2-MNap 0.05~1 000 0.47 1.6 10

2 Rt FE 55 )
1,5-DMNap 0.05~1 000 6.5 22 10
1,6,7-TMNap 0.1~1 000 6.1 20 10
Ace 0.05~1 000 16 55 7
Dih 0.5~1 000 24 81 8
3T E Fl 0.05~1 000 1.2 3.9 9
Phe 0.05~1 000 0.69 2.3 8
Ant 0.5~1 000 75 250 9
1-MPhe 1~1 000 104 346 9
N 2-MPhe 0.5~1 000 50 168 10
1-MAnt 1~1 000 107 356 10
9-MAnt 1~1 000 88 293 11
Flua 0.1~1 000 8.7 29 10
Pyr 0.1~1 000 6.1 20 10

4 T5 IR

BaA 5~1000 495 1650 13
Chry 5~1 000 439 1462 10
2-MFlua 0.5~1 000 59 197 12
4R ST 1-MPyr 0.5~1 000 87 291 12
7,12-DMBaA 5~1 000 224 745 17

L LOD & FR Limit of Detection; LOQ : & it FR Limit of Quantification ; RSD : A % 45 #i fiif 2% Relative standard Deviation

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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T B A8 3% 35 BB ik 4] K P 502 R A-4h 2041

LOQ) G514 0.66~495 pg/LH11.7~1 650 pg/L
(1),
32 HiENA

K A G 19 75 35 R T A R KR o PACs
B KO AL BURRAE o K BE AL AR SR [T U1 4 b
A SR X B0 b R 7K (GW, n=3) Fl } & 7K
(SW1) L7 g0 5 0] 3 b 27K (SW2) DL Je 5256 % B
HiBaiK(n=1),

8 4l K I A AG I AT Ao — A B AR L A, H
KRN M R K RS AR Ay HARE G (R 2) . WK
T2 Al LLE Y, 00 SF SR X T 7K R b 2R K

F2 HWTAKMREKPPACSEE (B{L:ng/L)
Table 2 Occurrence of target PACs in groundwater

and surface water (Unit:ng/L)

Hirfb &9 GW1 GW2 GW3 SW1 SW2

Nap 14.7 15.4 14.4 2.10 54.3
1-MNap 1.21 1.34 0.99 2.03 8.45
2-MNap 2.09 2.04 1.56 3.71 21.0

1,5-DMNap ND ND ND ND ND
1,6,7-TMNap 0.181 0.160 0.131 0.920 7.2
Ace 0.365 0.305 0.211 ND ND
Dih 0.373 0.384 0.456 ND 0.695

Fl 0.530 0.426 0.506 4.22 3.06

Phe 0.964 0.657 0.815 3.61 2.28

Ant ND ND ND 0.376 0.266
1-MPhe ND ND ND 3.41 0.829
2-MPhe ND ND ND 0.876 0.532
1-MAnt ND ND ND ND 5.11
9-MAnt ND ND ND ND 0.105

Flua 0.949 0.620 0.636 0.777 0.953

Pyr 1.09 0.636 0.497 LOD 0.599

BaA 3.95 2.83 3.40 ND ND

Chry 3.67 2.66 3.15 ND ND
2-MFlua 1.33 0.841 0.713 ND 0.523
1-MPyr 0.991 0.553 0.546 ND 0.262

7,12-DMBaA 3.12 2.39 2.94 ND ND

1 ND : &K H Not Detected ; LOD : &2 B2 Limit of Detection

r 3 36 A ) Nap S HAR e 5 A PACs DA B 3 3-/4
I -PAHSs, X 5 %38 [ 4R KK o PAHs 23 1 #57 4iF IF
R0 i AEGN 5 W22 K (SW2) 38 38 6
T RE 0 H ARG A, U R R E KRR
ZZ Y Bk &Y, I Nap (54.3 ng/L) . 2-MNap
(21.0 ng/L) .1-MNap(8.45 ng/L) 11,6, 7-TMNap
(7.2ng/L) o WFFEE R R VUSSP RIE KX 9
TG KRB FE R . 3 S S BR R A3 AT, 3 B AR SCRIF Y

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

ST Y 23 T AR 3 S H /AR BRIl T R A OGOk
HOR7 ST il 8

4 4k

A AR TR E SPME Arrow # K5 GC—MS
RS, E ST Bk Bl KK P PAHs A R &
A PAHs ¥ ¥ k. AR 4R R+ ,DVB/PD-
MS 120 pm ¥ Bk 5F PACs A RAF ik F R fo §
R FERGRE 50 C L FE R 50 minyx&%)ﬁ’:#%ﬁ
# E 1000 r/min &4 F , 7T A & X K P PACs,
Bk BT AT A AL AR 8 T A AR A a1k

AWM EH R R ESTER AL
4 B F B Fe 5 S A 5T
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Headspace—solid phase microextraction arrow for rapid detection

of aromatic hydrocarbons in water
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Abstract: Conventional/unconventional oil and gas evolution are often associated with generation and formation
of low molecular weight polycyclic aromatic compounds (PACs). During conventional/unconventional oil and
gas extraction, these PACs may enter the surrounding water environment through different pathways resulting
in potential ecological risk. There is great concern for rapid monitoring of PACs with highly sensitivity and resul-
tant response to emerging pollution. In this study, a rapid analytical method for PACs in aqueous matrix has
been developed based on solid phase microextraction (SPME) combined with gas chromatography-mass spec-
trometry. The nature of fiber, extraction temperature, extraction time, desorption time and stirring speed on the
extraction effect of SPME were investigated, and the results showed that the fiber DVB/PDMS 120 pm had
good selectivity for PACs, excellent repeatability has been achieved under the optimization conditions, eg., extra-
ction temperature of 50 °C, extraction time of 50 min, desorption time of 5 min, and stirring speed of 1 000 rpm.
Our results demonstrated that SPME arrow acted as environmentally friendly method for rapid detection of PACs.
Keywords: Solid phase microextraction arrow ; Polycyclic aromatic compounds; Shale gas
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