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69.7% —110% ) . F FH % J7 2 K 0 52 Br R SRR & B9 O R R AR A R A, B R AR Tl R
69.7%—110%, HFRFIBCRY 82.5%—92.1%, FATHE M A AEXT PR AEm 22 1.11%—8.85%. % 7 ik ik
PEGF . ORG% BERIERR B . BRAERT S TR NI, RBUS I FE A2 2% ARE A Th 2 R D5 KR I R R
KEIR HRER, 2O, BRI, TR, SO -— 5 AT B KT

Detection of polycyclic aromatic hydrocarbons (PAHSs) in complex
exhaust gases by formic acid combined with gas chromatography-
trimet quadrupole tandem mass spectrometry

XIE Danping ZHAO Bo ™ LI Yuging LI Yanxi
DING Zirong JIN Meng YAN Yanan

(South China Institute of Environmental Science, Ministry of Ecology and Environmental, Guangzhou, 510655, China)

Abstract In order to detect polycyclic aromatic hydrocarbons in complex waste gas samples with
obvious matrix interference effect, formic acid was used to vortex the concentrated samples (the
solvent system is n-hexane). Gas chromatography-triple quadrupole series mass spectrometry (multi-
reaction monitoring scanning mode) was used to detect. Compared with the traditional purification
and detection methods, the chromatographic peak response of the target compound, especially benzo
(a) pyrene, was significantly improved, the interference peak was reduced, and the recovery rates of
the extracted internal standards were improved. The results show that the recovery rates of internal
standard was 69.7% —110%, the recovery rate was 82.5% —92.1%, and the relative standard
deviation of parallel sample was 1.11%—8.85%. The method had good selectivity, high precision
and accuracy, easy operation and easy application, and could meet the requirements of polycyclic

aromatic hydrocarbons detection in complex waste gas samples.
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I E%Hh 2 3455 12 (polycyclic aromatic hydrocarbons, PAHSs ) {5 Y& JJ5 3R & 24 AR B A A, Hidp Tl
WRGEHE R ) I SR MBS PAHs RO EE L5 gL il 4. RIS S A b, R R R B 4%, T+
YL 5T 22, A 85 SR A P 1 5 e B . B R A T B (LU AR i - S A B2 A A L 0 20 FELRE - [T AH
O INAE A ) BRI A CE AN AR 5% - 15 1 ), 78 A B A 4% 2 AS0RE S B, R AT B A 2 R X 1B
() PAHs ¥4k 73, LU AN 43— B0 [ AR 2 B S -7 40855 H 210 J5 J5T AR 43 1A 0 100, 00 R B As g B i
MELLE K. JF L, 2# AR TR OB 5 S AR h, 205 IR B B R A A DL G A I
KBRS,

ARG AE 53 M Ho v T A8 e T HEOR S ) PAHSs B, & BUAEFE (% 4 T £ . HEECP AR Rl
BN IEH 0 BE T T U RN . 38 a5 0 4% A i Ak B ORI O vk 1 Ee s, ST T H R PR AL 45 A A (A -
= T DU AR AT HR I R i v Ab B A AR R SRR S PAHSs Y77, 127 IR BRAE TR, WA A S BR AR i ) 3 R
BN, S BRAE st G 0 45 SR P HS 4 A B vy, 6 5 R 4 R i v PAHs B A

1 SEEER A ( Experimental section )

L1 XSS B S5k

S5 (Agilent 6890) - — i DU AT 52 B i §i% (Waters Micromass Quattro) , “SAH 4,1% ( Trace 1310) -
= Y A% KT HR 16 T 1% ( TSQ 8000 Evo) . Bt % RESTEK-XLB 4,#% 4% (30 mx 0.25 mmx 0.25 um) ; 16 Ff
PAHs IR A FRiERES . 5 B AL PAHs IR A FRiBERE i SR ACEE, 204 B Accustandard (€[ ) ; R FR A HL
EHIEC b . S b 5N B Honeywell (35 ), RERE . AL 4R . XAD2 B igI [ Sigma(3E
), 0.4 47 5 & B0 H Whatman, {2 B ik £ [ A 28 BN H %2 55% , HPLC 2% iR 1 [ DiIKMA
(EH).
12 FRECREE

JE SRR SR AR F R T B A e b ) AR 11, SR AR T A S IR CEREE 25 SRR R SAH R BURL )
ZIRTF R E AR - TS (HI 646—2013)), ffi F — W0 [ sh & R TRBER G R ER P
() PAHs, F 5 R E Ky 2 h, b5 T REEARFR L 2 m3. R FH A7 3 8 £ Ui 48 UK. 9, >R 20 g B IG
XAD2 WS ARG T 4 °C N ROGIRAE, JFTE 48 h WX A1 SL50 %, -20 °C AR IRAF B 2R 5
FALBE. BRHEURE 5 1R A A4G T 448 25 Rz i 2 .
1.3 FEaa T
1.3.1  JEAMES AT E S AR T

FHZR A 7 1 A BURE & P 1 PAHS, B8N RHISCREE 7R 4 (5 MR 255 12 1R AR) J5 , (T IEC
Fot+ A (1 1) VR R 2R B 0], ZEIBUN ] Sy 24 h. ZEICSE R, SR P eSS 28 R AE 9w 20 e 48 1) 7 125,
WARFER 2 1 mL 2247, SR T IE COBERE R il RV 2 4 mL, BU 1 mL BEAL R4 71504k, oAy 3 mL BRALPE
KA Y FE A DR ER AR R P R A B BE BTN bR 5 SE I B A TR S, 0 55 B 1 mL AT 40T 1 P RE R - AL
FRAEJZ M AN B A - A AR Gk, ik S I RE S S e R R e I, R R AR B2 0.2 mL,
IINPERE IR GRAREE) , EHLRRIN . SR A0 (33 - = 5 DU AR AT BB B 3 A R R L 2%, ol e R 8 1
FHE (SIM) F1 22 5 o7 W I 451 4 (MIRMD) P A 4 485 7 =200 SR A7 4G 0, S0 2% 14 2 IR SRk v i i o - o,
FE i 1 22 18 771 2 I EPA Method 8000, & FH 45 PN A5 125 2 f, RPV3E o R G4 PAHSs A9 [0 1 32, X6
16 Fh PAHs H ARy (0 RG22 SR 5472 o, ol HL R 42 00 A5 o 4 BT ) LS
132 B4R R0 b

XA A BT v 2 3 6 S5 3007 B S R i, SR FH LB B sl R TR R ALV S i — 28 ik 7
2, HARTRFEAR, (1) B R B O RN W B A RE 5 AR 2 M IE Cobe, (RN 0.2 mL 247)
0.1 mL, #A1 0.9 mL §1E & ¢, T B LI A = 5 PUMAT 33 15T 1% 1) MRM A5 2RSS 50PN bk
i (2) R Ah 1 . A i B A0y B I (R i I AR i (U TR 32 I O o, R 0.2 mL Z247) 1,
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A 0.5 mL B R, f IR HEIR 2] 2% IR € 1 min £2 47, # 1k 10 min, FRFESH S50 25, B Z R IE S b
VW, 5 FH = T DU AR AT HR D6 T (Y MRM RS AG T, 2 BN s o o o

2 5B 5316 (R esults and discussion)

2.1 BIES

[ERTE v RIS

PR 1.3.1 340 10 SE 58 5 vk o A 1 SRR & P (1) PAHS, JR ) SIM RGNS, 224~ R SORE S A7 7
AR o F) 5 BRSO, e, AR B (i W M A B 2 2R T T, I AN R, L A D10-SE ATHE Y

3 3 3y =] — 10 3E B4 el e 322 512
kg, Ik TR LA 1, BAEHAPR D10-FE Y RIS A% 56 AR T 10%.
500 = D103t 3000 3
= 400 D10-Phenanthrene ‘S 2500 Phenanthrene
o I TH #H Peak area:9630 X II6 T #Peak area:8063
X <2000 |
3 300 F >
'z 'z 1500 |
L
z 200 \ Z 1000 | /
100 - 500 L
0 e | 0
20 22 24 20 22 24
Retention time/min Retention time/min
150 HIHEL B FIehiiE
“ Benzo[a]pyrene | Benzo[g,h,i]perylene
3 I T FPeak area:1578 o 20 I H F Peak area:979
100 =
> x 15
h= ~
5 £ 10
g S0r g
= 5
0
37 38 39 40 41 415 4 45

Intensity/ X 107

Retention time/min

Retention time/min

1 RN PE SR Al P D10-TE L FE 2R3 (a) EERIRIF (gh,i) AERT Y (35 ]
Fig.1 Chromatograms of D10-phenanthrene, phenanthrene, benzo[a]pyrene and benzo[g,h,i]perylene in waste gas sample
PAHSs F it (1 A3 5 >R FREIE | A0 B0 Ak 2 Bk L 2 A sl R AR A UM, X T3 A AR 2
R ERRRIE I BROAE S (FL A WAt . T SBERE L 55, I 2> i FH BRI B 38 (3B A 25 bR R0 T 2%
Jit. S ER AR W, SO A R BRI T TP I, SR ECN AR B9 [ SCR AL T B s
SR F A3 B9 77 1% 30 B B OB ol A B B 4040 o, 75 D1O-EMISE A H e ek ] B, AGr ) 1) — 4
R 3,3- ZORIE-2-PNR TR AR 20 IR ke T o, Joeai PRI UL AT 2, NIST 36 PR A s 4 2L DL AT 3.

14
12+
10 fr
S H
6 H
4 l]
2
N
< o wy o el 0~ o0 o0 o o wy wy wy O wy Ul vy <t <t o o — N
vy el o~ o0 N o — ol <t wy Nl o~ [ — ol [2e] <t vy O o~ o0 N [o
————————— ol ol o o o ol o o o o
B2 JEAFES AR S E

Fig.2 Full scan spectrum of exhaust gas samples
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210
77 1
100
: 3 : HO/D :
: *oRoNE :
< 105 < <
165

h_I—

0 290

223
100 224 100 119
100
8 178 8 8
3 Qon & o ! 3 ON
: o8l 8 ~
g 50 T w© g 50 E
3 3 3 50
= = =
< < < s
152
5|‘77 55 104 7 | s J
0 1 ol dukdil, o e W s
50 130 2i 290 50 130 2100 290 50 140 B0 320
m/z m/z m/z

B 3 NIST &% i Hr 2
Fig.3 Analysis of NIST Spectrum Library

2.2 AXESKIN T E R AL

RZAIFFE I, = DU A A3 TR S 33 R 08 A R0CHAS Tl PSR ot R A A BT G ARG ) v ) 6 Jo
T, B v R T Y A BE S SR ERE DR I A AR Y R G Y SR 8 - = R A AT R K B
(Agilent 6890-Waters Micromass Quattro) F17E 25 5 v Bic A Z A3 18 (%57 8 <M €635 - = 5 DUA AT
HRIPE T (Trace 1310-TSQ 8000 Evo) 735l X6 52 A A ity EA T RGN S 360 G I 235 2R S /s, 383 28 ) = DU %
T B B BT 33 o, i g e 37 e 2 1) RN W J (&1 4), E AR €0 135 0 B 3 A5 S8 A 3 2 T T PR AE e (Ll
WK 4 thiyg D10-3E) , o304 i JC B 0 2 (LL ] 4 rh A SERTT () B8), HARBUAARAY [
T R e I AT RE S TR ER | 3,3- TR BE - 2-PN M IR S A A 2R 05 AR I T I B AR A AT fig A ()
PAHSs ZERLAY R R, 21717 X8 = S DO AR AT 3 BB B 35 A ) 7= 2 4

300 — (a) 200 - (b)
2 L D103 o D10-3k
=2 230 = D10-Phenantt
X 200 F D10-Phenanthfene 3 150 -Phenanthrene
> I 1] A Peak afea:23944 Z I Vi FH Peak area:26369613
£ 150 F 2100
g Z
g 1or N S sof
E 50 |
0 2 0 L |
20 22 24 11.5 12.0
Retention time/min Retention time/min
" 081 (¢) o 1000~ (d)
S —_— -
S 06F B[ % 800 1
2 Phenanthrene } 600 F Phenanthrene
2 04r W BAPeak area:25433 Z 400k " T FlPeak arca:187858429
S 02 \ 5
g E 200t
0
20 22 24 11.5 12.0
Retention time/min Retention time/min
IO o 8 e
= F 4 X FIHE
x 20 K X 6F
Benzo[a]pyrene
2157 Scnzolalpyrene g4t WS T BiPeak areax:2150779
Z ok g 77 #H Peak area:6241 g re ‘ -
e =
E 05 / =2
0 h |
037 38 39 40 244 249 254 259 26.4
Retention time/min Retention time/min
o 041 (@ e
S o3k HI(eh.D3E 2L B
ST Benzo[g,h,i]perylene 5 : Benzo[g,h,l]peryl'epe
é‘ 02k I 1 FH Peak area:gf‘) %‘ 10} VI FiPeak area:888343
5 2
E0. Z05F
0 ! 4
41.0 41.5 42,0 425 31.7 322 327 332
Retention time/min Retention time/min

B 4 8 R B (20) 508 AL AR IR BT () A PR ORE At b D10-3E L B 85T (a) BEERIATT (gh,i) AEMF Y (35 5]
Fig.4 Chromatograms of D10-Phenanthrene, Phenanthrene, Benzo[a]pyrene and Benzo[g,h,i]perylene in waste gas sample by
common MS-MS(left) and new MS-MS(right)
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T 8 = E DU AT A5 I 3 10 G 00 45 2R UL P 4, (i 1] v ) 25 T P 0 AT 2 A 8k Bk (] 4 7 DI1o-
FEREI AR B0 ), HLH AR @ i i A B B (] 4 4 9T (a) BEERY R BUE LUIAT 4 2282
IAECERLL ), SR IR A & 3 60% LA b AT UL, Z AU T8 9 B T R B 3 A R SURE
xRl B RlIE- 90 ks wei/n
23 HLIT IR

PR FR S AR ERSE A i o 2R IF AN T L R B W S HGE #D, Geiss 281 HIIE TR H 2= 8R4
# ) (Randall hot extraction) £ 573~ E[V 328 [F] AH A% A% 5 ¥ Ak BRAG B AN SR Hh ) 22 3805 St i, TRl 52
P Tk [ AR AR RO AR L, A S R B T @8 B T B9 45 26 T B, JU R AR 2K T W IR R 2K . Paul
Welling %50 H 38 1400 = AR 7 . il AR 28 2 5 o PAHSs B, FRR R Ak 2 — B IR 8 A 20 Ak - Be, JF
HAZI7 A3 8, (ELR: 34 R DL 23207 Wk AR PR EEAE A D00 v A BIF 5

IR FE R B AN R R AL P b 5 8 A S 98,07 3k, i) ot A2 2 BE R A5 v A, IR =
o PO AT AR IR BT A . 25 2R 3R B, X RN B D10-3E . FESF B ARY) nORLI, B HER Rk T LU R L B
FEJ TR, D10-FEFNTE B (o 1% e B U 1P W 15 2107 R0 Bk (141 5) . (BT g o it ) PAHS B,
FLUNZRTT (2) BERNZRT (g,h,i) AERF, AF i ELEEAG BEJ 00 (735 A iy 1oy B A1, WA R0 AN A I8, v B 2 W) 5 o 45
B HERPE. TR IR A A B BRI OB i, AR5 - e O A PAHs B ARG I ) i sk B 24 45 2 A
RERR, AR 5 o R RRRR AL IS R RE (£ FTE h) A0 (a) BEERIARTT (g,h,i) JEAY (@ 1 e B 55 i iz, 12
LU R e il (TR e MIEL @) A1 W Blcste . B AL, ] BE R e i v R 0 B 21 B 26 55 A e ] L gl R
R4 AL, BT 2 AR T TP IR v A Vs e B8 B 1y, e i i A b MIE e AR R 31 1 F IR AR v, DT 3 3
THARCR.

—_
(=]

© () D10-3f 10 - ®

" DI10-3E
S gt D10-Phenanthrene ?2 s | D10-Phenanthrene
x UG T FtPeak area:52586 X I i A Peak area:142410
3‘ 6 / > 6 F
E 4 F E 4 F
st E2f
0 1 I 1 | 0 1 I 1 |
20.0 20.5 21.0 21.5 22.0 20.0 20.5 21.0 215 22.0
Retention time/min Retention time/min
o 150 © % o 300 - (d 4t
; Phenanthrene X 20T Phenanthrene
% 100 | Wi FiiPeak area:32248 >200 o 16 T F Peak area:183526
{ :
=z % 150
8 sof \ 5 100 |
k= £
50
0 .. I — | 0 L — |
20.0 20.5 21.0 21.5 22.0 20.0 20.5 21.0 21.5 22.0
Retention time/min Retention time/min
1.0 - 60 - (O S
S IC - e S T
X FIFEL X 10 | Benzo[a]pyrene
06 F Benzo[a]pyrene S VT R Peak area:137999
Z I8 fPeak area: 11513 g 30 |
5041 20
A 02 [ £ 10 F
0 0
37 38 39 40 37 38 39 40
Retention time/min Retention time/min

2 4T @ FHehiE Car ™ Sgkehi
03 Benzo[g,h,i]perylene =6 Benzo[g,h,l]peryl.ene
S I i Peak area: 16560 x I 1 Peak area:96305
o2t >4
g 01 F é’ 2

| ....J\\..j\\ =

0 L 0

41.0 41.5 420 425 41.0 41.5 42.0 425

Retention time/min Retention time/min

B5 k)G (a. c. e flg) SRS (b, d. £F1 h)JEHES T D10-9E, 3. ZRIF (a) EEHIERIF (gh,i) JBET Y 1% ]
Fig.5 Chromatograms of D10-Phenanthrene, Phenanthrene, Benzo[a]pyrene and Benzo[g,h,i]perylene in in waste gas sample
after dilution (a, ¢, e and g) and acidification (b, d, f and h)
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2.4 SEBRER AN Y O A S

FIWTRE S AR, B T 5 58S B Ah, J7 i (A At 45 5, ARG SR BN AR 9 R, 5 ik kS 2%
V& 5 R R AR, R T B AT IR, L AN Geiss 2519 BT Mt FH 201 I3 [ AH 26 B e A A9 i 5 SRR
fn Y 8 Bl PAHSs B, BLARA AL Bk T 48R W MR FR S TR 0, (HR 2RI (a) BOFIRIE () 2¢ U ol
RS R AT, 25 53 3R 59% F1 51%, 2% X FloBT Ak 7 vk 7E A B AT 22 PR S5 R i A7 76 614G 0 B

A5 A7 HY PR TR Ak 235 R B 3 A, % T R AR 1 A 104 A 1 B 3 B b ) IR SRE al itF A T A
AT, A SRS T CORE PR L 10 545 82 Fo 25 AE M RE 5 B9 o PAHSs AOAE HBR, 16 Fl
PAHs 177 15K HBRE5 5 R 0.04—3.16 ng, BUFEEH 3 m® i, Kz i FR A 0.01—1.05 ng-m; £ Hi BREAIK
(Y BRI 2R (2) SR A BR R 3R BT AT 104 AN HRARE S b, 5 FP IS PAHS A4
P A [T 389 LR 69.7%—110%. (3) J6 5 InAm A b (e % B A7 6 A B8 50 in A4 b R Az 0, 16
PAHs FI IR FTICR T 82.5%—92.1%. (4) SCH % FATHE A, JEHEAT 6 XTFE S 1 52 568 % AT 4 0,
HCRE X A 25 Y R R 1.11%—8.85%.

DA AN B2 2% 2 S0 ity (A RS I 285 5 SRy 681, 591 R P S 3 R IR JO G T 7 281 8 I B i A ) 4 e e
AR R IR T A 000 R Y 2 R A Ak 3L+ 3 T G I A5 Y AR A T ARG T, R S HE 2 AR DL AR 1.

T 1 RAIRIE AL A PRI Tk 9 52 2% 2 <A o R 45

Table 1 Test results of samples purified by different treatment and detection methods

Sample-1 Sample-2
. ] ] BERE+ AL + . ] ] LR | Ny
Wl e L MM g g O PR
e e LSTREED!ES -3 ER I o o -3 R Ik 538 HR
J:D‘i_lEl ﬁﬁlEl i -~ )CDE_'LE( }:D‘i_la -~ S
Jigi JEi S i
Normal New Dilution + Acidification + Normal New Dilution + Acidification +
MS-MS ~ MS-MS normal MS-MS normal MS-MS MS-MS  MS-MS normal MS-MS normal MS-MS
Phe /(ng'm™) 1080 1648 1314 1593 3197 2579 2875 2563
Ant/ (ng'm™) 45.4 152 95.4 130 565 239 321 201
BaP / (ng'm™) 1.40 19.2 1.40 16.0 2.30 33.1 4.00 27.0
IedP/ (ng'm™) N.D. 10.7 N.D. 10.1 N.D. 15.2 N.D. 14.1
DahA / (ng'm™) N.D. 5.36 N.D. 4.10 N.D. 4.02 N.D. 5.04
BghiP / (ng'm™) N.D. 23.6 N.D. 19.2 N.D. 48.8 N.D. 577
D10-Phe /% 1.50 109 54.8 107 0.600 105 485 85.7
D12-Per /% 2.50 84.8 54.1 105 4.80 94.1 57.8 74.1

7E: N.D. /R AK . N.D.: Not detected.

SR AL 2 M sl [T AR 28 B0 A, I P 3 = i AT B B T3 3 A AR i PR, B2 BN A [T e A
5%, 2% W14 A AR B4 A 000 52 380 45 ot 256 SO 000 ) I8 5 4 R AR ARG A0 1 5 B DA s [ S R L e )
50% Zo A, BBV AT B — RE FR B L BR. R0 TR R RO 2 3R 07 kR A, H AN TR0 (ah) BURIR
(g.h,i) AR, 3K PR 7 YA I A A (20 T35 D ey 7 243 2, 3 ORI 445 RARR Tt PR SR P 28 o R i 33
I PR PR T+ 308 A KB % 0 o D A DM AR T, S BBCPA s ) [ W 3 B 100%, 8 [t B 0 22 B 05 He B
PRAT G Y, I ELIR 7 2 AGE I 22 R 05 R A 48 SR AR 4 430, TR 7 R 05 VR A A ) B s, HERR T4
T3 T, BN BAR AR

3 %512 (Conclusion)

AR ORI 24 AR i PAHSs A6 0 356 S 2007 1) 25 BR UEAT T RS, ELAE 0 AT AN [ v Ak T BRI RS AG )
T3 X G ) 245 SR 1) 5 ], 2% B FR TR TR Ak 445 5 AR (0 3% - — E DU AR T H KT S B AT A S BR 45l PAHs B
ARSI Ao 8 B B ARONE , ANV AT e E AR (i 0 80 55 e i 7, R S T BRI A 9 [T IR 5 e
SR HERR . X SE PR S A Y 0 A RO EE AR i T AR R (1.11%—8.85% ) FHVEf B
(82.5%—92.1%) = AR AL, 18 T8 2 B2 SFE b PAHSs A6 I By 266 57 PR A%00; 1) 25 B3
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