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Determination of Polycyclic Aromatic Hydrocarbons in Soil by QuEChERS-dispersive Liquid-liquid Microextraction
Combined with GC-MS WANG Chuan-mi'? , TAN Hua-dong*** , WU Chun-yuan >, ZHAI Jin-ling' ( 1. College of Tropical
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Abstract: A new method for the determination of trace polycyclic aromatic hydrocarbons (PAHs) in soil by dispersive liquid-lig-
uid microextraction (DLLME) combined with gas chromatography-tandem mass spectrometry ( GC-MS) was established. Fifteen
PAHs in soil were extracted and enriched by QuEChERS ( Quick, Easy, Cheap, Effective, Rugged and Safe) and DLLME. The
effects of extraction solvent,decontaminant dosage ,type and dosage of extraction solvent on extraction efficiency were investigated.
The 10 g soil samples were extracted with 20 mL V( methanol) : V( dichloromethane ) = 1:1 mixed solvent, purified with 150 mg
W(PSA) :W(C)=4:1 adsorbent. When 2 mL supernatant was added with 100 L toluene as dispersing and extracting agent , the
effect was the optimal.There was the good linearity for the established method in the range of 6~500 pg/L,and R>=0. 999 5 ;the
detection limits (LODs) and quantitative limits (LOQs) were 0. 1~1.8,0.3~6. 1 pg/kg, respectively. The recoveries of PAHs
ranged from 70. 23% to 108. 52% and the relative standard deviations (RSDs) ranged from 1. 04% to 11.63% at the level of 1,
5 and 25 pg/kg. The method is simple,rapid,easy to extract and enrich, it is suitable for sensitive determination of PAHs in soil
including Chengmai County.
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ERS ZooHildb 34 AR A B T 203 QuEChERS
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1.1 FEERS5BEH

ThermoTRACE GC 1310 S AR (34X (Bl A
1SQ 7000 J5T 3% £ W #% (MS) 5 Thermos AS/AS
1310 B A shifE ke AR ) L A% Ay TG-5MS 1 % F
QE%H@O mx0. 25 mmXx0. 25 pm) (%Eﬁ[ Thermo
Scientific BH% /A H]) ; ME204E %I B F K- (i1
Mettler Toledo 2] ) 3 JL-721DTH HIK 47 75 8 v
Ve (P E R R BHE A BT AR AT FRA ) 5 OA-sys
AR WAL ( 3£ [E Organomation 2 #] ) ; Centrifuge
5417R #5080 HL (75 Eppendorf 4 PR
w)) 3 RS200 B FIEAFEE AL (T2 Retsch A H]) 5 il

HiAEE (35 [E Thermo Fisher 23] ) o

15 Bl PAHs {1 45 % ¥ H 41 9 4 35 e 6
( Acenaphthylene, ANY ). J& ( Acenaphthene,
ANA) . %5 ( Fluorene, FLU ) . 3F ( Phenanthrene,
PHE) . ( Anthracene , ANT) %% J& ( Fluoranthene ,
FIT) .¥£ ( Pyrene, PYR) . %K [ @ ] # ( Benzo (a)
anthracene ,BaA) i ( Chrysene, Chr)  ZKJIf:-[ b] %%
J& (Benzo ( b) fluoranthene, BbF) 2K 3 [ k] 9¢ B
( Benzo ( k) fluoranthene , BkF) (7K Jf [ @ | £ ( Benzo
(a) pyrene, BAP) EiJf:[1,2,3-c, d] £ ( Indeno
(1,2,3-c,d) pyrene, IPY) ., 2% Jf [a, h] &
( Dibenzo(a,h) anthracene , DBA) 2K Ff-[ g, h,i]dE
(Benzo(g,h,i) perylene, BPE) ( 1z 2% Jit £ Bl £ B
MARAT) s IEC ke (i) s ali R (£ E
Thermo Fisher 23 7)) ; £ — F&-N-7 3t 6 ( PSA)
IR | C g 3 ) (3 B4l , o [ Biocomma A4
FARBARAF)  HIE -+ B IR IR
Be AEC ke BE, LB L JGJK MgSO, | NaCl
(ot B2 R A=A IR AR |
L2 BRAER T

PAIE C %6 i B¢ PAHSs R b7 2 3K 4 100. 0
mg/L, T—18 C &M T ROLRAE, KT, =%
Hosseini 557 (71, 25 B -+ 18 h 14 47 Sk FIAE A
BRI SR 5 R - SR OB 3 60 B T, HIZK AT
B BER IR 78 105 CAPFPRET 24 b filfF 2 H 4
SRR, A B SRR O R R T s A v
ML PRI, SR )5 S LR T UL FO VA T B )
T T JARR VAR B VR B e T ARV W R BRI 0
1.0.5.0.10.0.50.0,100. 0,500 wg/L 7 /™o &k
B BBCELH]
1.3 FEdhATAbEE

S CHR [ 17] ([ 18] 5 ¥E JF A B v 4 F
10.0 g 3RS B T 50 mL .04, ilA 10 mL
VORI V(R L) = 1: RS IR BE 30 s
FEEL s M S mL F R — U R e TR B VA IR i
30 s, B0 FEITA 5 mL BRI S0 e iR & %
WIRTE 30 s, B0 G IF 3 IRERHUAW; T A 3
BB W R B A A 4 ¢ JE7K MgSO, il 2
g NaCl i€ 30 s, LA 4 000 r/min B5.0> 5 min BT
HIRBUSWEERE) 15 mL 54 150 mg W(PSA) :
W(C)=4:1HE L& H, WE 30 s, L 4 000
v/min B0 5 min, R E 2 mL; 2 mL B3
BT 10 mL B0 TG B0 PO 2 mL
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Fig.1 Separation chromatogram of 15 target PAHs
R1 15 FHAR PAHs AYLR B IE] 8 P2 7
TERE T
Tab.1 Retention time, qualitative and quantitative ions of

15 target PAHs

G5 TRERN, EHET EWET

27153 min e s
T ANY  11.70 152 151,153
JicA ANA  12.17 154 153,152
i) FLU 13. 42 166 165,167
E[3 PHE  15.72 178 179,176
h3 ANT 15. 85 178 179,176
B PYR 18. 62 202 200,203
Y FIT 19. 14 202 200,203
HIf[a] B BaA  22.06 288 226,229
il Chr 22.16 288 226,229
B[ b BbF  24.53 252 126253
BH[ k)9 BkF 24.58 252 126,253
HH[a] BaP 25.21 252 126 253
#3F[g,h,ildE BPE  27.38 276 138 277
ZHIf[a,h] K DBA 27.41 278 276.279
Bi#[1,2,3-c,d]iE  IPY 27.85 276 277 274

2 #ER5i1HE
2.1 QuEChERS-DLLME {4k
KH10.0 g A EIEFES, LL 5.0 pe/ke 7
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F51590 R H] QUEChERS > B3R 15 B 42 B 135
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B R ASEECRIGRE R, DL By e &%

Hz50,
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Fig.2 Effects of extraction solvent on the recovery of

target substance in QuEChER process

2.1.2 H Rl E

PSA .C,FIl GCB J& QuEChERS 18 /i Mo
FHMEART . PSA fE LR R/ M ST E R
SRR, C o F1 GCB 7£ 25 BR AL v g 105 45 i 43
PR RS RS R 2, N BT
BREETT T4, R AR A5 W 7] (PSA+C ) b+
HEFL R YT GCB XF PAHs HA — & i W% Fff /F
JH,BEEHZE W(GCB) :W(PAHs)=4:11:1.1:4
Kt 50,100,150 200 mg YR A HGEAL 51 14 5
w2020 &l 3a s, PSA F C B A [ VAL
J5 PAHs W RISCRAE], 24 W(PSA) :W(Cy) =
4: 10 A BAER EIRCR 71.0% ~97. 0% ; L4k, 4N
Kl 4b s, B e H i 50 ~ 150 mg B3N,
T AR AT R BRI S, THRIEREAL,H
SR R 2P N 2 150 ~200 mg, )&
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BT RBR U], MR R R, B 150 mg
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Fig.3 Effects of sorbent ratio and content on target

recovery in QuUEChER process

2.1.3  FEHUE IR

AIAF LS DLLME 3o F2 v OG5 52 i)
R I s B e e 7 A2 B Ee ),
DLLME #5070 07 H A& LR ERAE ) 1) 55
FLKAG 3 2) XF BARIE A 9 B 2 BUBE J1 585 3) 5K
AHZE4) BRI O3S TERE, AP B2 T HA
ANV 7K 8 ik BE LAY 5 R 2% B2 A BILTS 57
(1-2FPs - B -+ — B, B O ke, 1 PEkE
IR 19 25 R % AR B et BRI 5%
WA 4 PR, FH E S B R AR R 2 B R
B, REE B/ N , (R B RSSO AN, 3 30T ik
ARHRE T IE G ke, PR ERAOR T H 2K,
H T ARIE BN AR T J5 S8 . 1 1E Bk

120 SR E2IEC ke SIE Bk B2 R 00 R

SEZEFEcEE4E
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Fig.4 Effects of solvent types on target recovery in
DLLME process

X B AR PSR A AN BRI BN, FEAf
FHHZRAE R 2 By R, B /N , & 4R
AEJI58 , IR ROR B (70. 6% ~98. 6% ) , AT
FEB DA RE LSRR, i 5 W, b T 5 454
It HH A BLIES T 285 v 1) 0 75 5 AT R T % 43
T & AT HEEBANZ IR,
I, B R Ry s AR AR A )
2.1.4  FERUEFAR

R T AT SR A Y Y R AR U R i T i, B A
40~100 pL #5705 H AR Bl 5w R ROCR 1Y %2
Wi, FRSZES @R, 78 40~ 100 wL 22 [8] [ i 25 1,
AK(p>0.05), HAHM, BHIREB/NT 100 pL
IF, ANH T Sl . PR, 645 100 L /9
AANE Ry B AR U AR
2.2 AT R

Wk 2 R  TERASRMT , AR rys e h
LW EA RIFEMERR, ZHEEEFE N 1~
500 wg/L, #H5& R EAE 0.999 5~1.000 0 i),
R R (LOQs, S/N =10) Fl % # R (LODs, S/N =
3)40.1~1.8 peg/kg f0.3~6. 1 ng/kg, HET
B P 5 A I PR o A w0 A v R
 PAHs( K 4) , WITEEL E 4 PAHs 58 B 44t
ARSI T

F2  EEBTHIRRE

Tab.2 Analytical parameters of the established method

{5 B B ]/

E2s in LRMETE

JEHME (ANY) 11.70  y=-140 143+30 429. 5x
Ji& (ANA) 12.17  y=-35 083. 7+39 307. 6x
%5 (FLU) 13.42  y=-359 623+68 077. 9«
3k (PHE) 15.72  y=-58 478. 7+89 439x
BU(ANT) 15.85  y=-156 546+53 502. 2x
¥ (PYR) 18.62  y=-4643.42+29 279. 7x
HEH(FIT) 19.14  y=78 203.7+31 220x
I (a) B (BaA) 22,06  y=20 946. 1+34 694. 2«
Jifi (Chr) 22,16  y=-326 563+58 171. 3x
At (b) B (BbF) 24.53  y=41 465.8+16 962. 6x
I (k) DT ( BKF) 24.58  y=-123 291+27 550. 8x
#:3F (a) tE(BaP) 25.21  y=137 390+49 973. 9x
I (g,h,i)JE(BPE) 27.38  y=14 066+26 867. 4x
K (a,h) B (DBA) 27.41  y=-133 672+64 668. 3x

BiZRk(1,2,3-¢d) EE(IPY) 27.85  y=69 853.4+27 784. 9«
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% &M RN 2R T B WHPEY B ST B s R R

ik g P (e (e RIWRER SMHTITE 5 LODs 5 E 4 iE

(ng-L™") kg™')  kg™')

TEHS (ANY) 0.9998 1~500 0.5 1.5
JE(ANA) 0.9998 1~500 0.8 2.8
% (FLU) 0.9999 1~500 0.5 1.6
3£ (PHE) 0.9999 5~500 1.8 6.1
B(ANT) 0.999 8 1~500 0.4 1.4
HE(PYR) 1.0000 1~500 0.4 1.3
P (FIT) 0.999 8 1~500 0.3 1.1
9 (a) B (BaA) 0.9998 5~500 0.5 1.6
Jifi (Chr) 0.9998 1~500 0.3 0.9
I (b) 9B (BbF) 0.9998 1~500 0.3 0.9
I (k) 9B (BKF) 0.9999 1~500 0.1 0.4
HI-(a) tE(BaP) 0.9998 3~500 0.2 0.6

K}fr‘(g,h,i);TE(BPE) 0.9998 6~500 0.2 0.6
T2 (a,h) B(DBA)  0.9995 6~500 0.2 0.7
BiZE(1,2,3-cd) BEE(TPY) 0.999 9  3~500 0.1 0.3
2.3 MERREE RIS
FRAE 1. 3 FRAE AP IRAE 2 (1 - 8T J b [ i
S, 5 A28 DS R AR XA o i 22 ( RSDs ) 71
A MERRTE FIORS 2 B . ANk 3 B T gt Oy ik
B9 24 8] 0 % 70. 23% ~ 108. 52% , RSDs K
1. 04% ~11. 63% , 3 W1 1% J5 1 0% WE 1 P RS 25
BE R,
3T ER AR AR ST R 45
Tab.3 Results of recovery of the established method

(n=3)

IRRACE K kR

(I pgkg) (S pgks) (25 pg'ke)

i m[ly m[lie m[lie

s B0 g RSD oo RSD

JekE(ANY) 83.24 8.97 90.57 3.72 83.18 10.26
J&(ANA) 83.31 5.83 84.70 5.08 90.58 10.78
25(FLU) 78.95 7.52 77.55 7.39 78.68 2.8l
JE(PHE) 108.48 9.26 100.24 8.05 97.32 1.35
T (ANT) 88.74 3.56 87.77 1.42 88.74 10.54
H(PYR) 90.54 8.30 99.41 6.31 97.20 2.42
DERL(FIT) 95.13 8.56 108.52 3.84 90.89 10.02
I (a) B(BaA) 94.50 2.39 97.03 3.24 95.15 3.%
Ji (Chr) 90.25 6.62 91.29 3.59 96.80 1.04
FIf:(b) P (BbF) 70.23 11.63 78.9 1.54 79.64 1.31
K91 (k) DEH ( BKF) 86.25 2.87 83.09 2.13 100.47 1.74
#IF(a) BE(BaP) 95.01 9.98 102.91 1.41 91.40 3.58

#3F(g,h,i)dE(BPE) 91.32 9.55 103.32 7.13 94.57 5.00
ZIf(a,h) B(DBA)  89.92 9.23 8579 2.75 75.04 5.30
B (1,2,3-cd)EE(IPY) 8111 9.02 86.60 1.32 73.25 10.81

ROTEEAT T L8, Ik 4 B Birdt )y i B A
B RS GG R BRI L 205
AT 1) 5 9 AR I ) D PR I ) 2 IO
LU, BT SE T AR R AR N, HLFr s e st
B, BZ %07 W — R e AR A
PAHs 5% B ] 5 R AgC i) B HLERR PR 735
F4 PTH RS H A AN )y i i He
Tab.4  Comparison between the established method and

other chromatographic detection methods

HFe o iR/

. (ST I A [/ S
Jiik ﬁ”” L (e
mL h kg™")
SEM-GC-MS 2 540  >10  >85  0.5~1 [24]
NS 76.6~ 1.1~
ASE-GC-MS 20 >30 06 8 L (2]
ASE-SPE- 55.4~ 4.8~
2 2~ 2
GC-MS 0 >30 >2-3 50 a5 L2
64.6~ 0.9~
USE-GC-MS 10 <20 — el DU [27]
QuEChERS-
DLLME- 10 <20 3~4 71%'82; 0'1 18~ A
GC-MS : :

. SEM : R FCHE B ; ASE . Il V4 57 5 B ; SPE . [ 40 25 B
USE . 7 P AR B,
2.5 SEBREESINE
MR A V8 T B R A IR 5 0, g R
FARSCRT 1 5 B RE A ASE-GC-MS J5 3%
W72 A3k PAHs 58 B8, X8 b oA 0 7 2 i) ks
WZER, ke 5 s, CHRGE 0 kK 7K
1.1 peg/kg DA b T i g 5 i e 1 SE IR PAHS
FREEIKSE 0.1~ 1.1 pg/kg, 113 PAHs ¥ H 45 %
FE5 (p<0.05) , R T i AE PAHSs JR &2 46
J7 T AR
£5  BIH T PAHs MRS R T
Tab.5 Detection results of PAHs in soil of

Chengmai County
AR (pgkg™)

pAt 1# 2# 3* 4* 5*
ANY 1.19/ND*  1.1*/ND* 1.3*/1.6" 0.9°/ND" 1.1*®/ND"
ANA L.2*/ND*  1.3'/1.1" 1.2°/ND" 1.1°/ND" 0.9*/ND"
FLU 0.9°/ND" 0.5'/ND" 1.3'/ND" 0.9°/ND" 0.8*/ND"
PHE 4.2'/4.5" 10.5°/10.7" 4.4°/4.0" 3.2/3.5" 3.0°/3.1"
ANT 0.6'/ND* 0.8/ND" 0.6/°ND" 0.5"/ND* 0.9°/ND"
PYR 2.3/2.1" 89/9.0" 1.5°/ND" 1.4°/ND" 1.2¢/ND"
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2 61k S ko!
pAt 1 2"&&l J@(;:% = 4* 5*
FIT 1.9Y/ND*  7.5%/7.3" 0.9°/ND" 0.8'/ND* 1.1%/ND"
BaA ND*/1.5" ND*/1.5> ND*/1.5* ND*/1.5" ND/1.5
Chr 0.9°/ND” 1.1*/ND" 0.8'/ND" 0.7°/ND" 0.6°/ND"
BbF 0.9'/ND* 0.3'/ND" 0.4*°/ND" 0.7°/ND 0.8'/ND"
BkF 0.4'/ND*  ND'/1.5> 0.2°/ND" 0.3'/ND* 0.4°/ND"
BaP 0.5°/ND” 0.2'/ND" 0.4°/ND" 0.4*°/ND" 0.3*/ND"
BPE 0.8'/ND* 0.2'/ND” 0.6°/ND" 1.0°/ND 1.1°/ND"
DBA 0.4'/ND*  0.4/ND" 0.3*/ND" 0.3'/ND* 0.5'/ND"
PY 0.3*/ND” 0.3*/ND" 0.1°/ND" 0.4*°/ND" 0.6°/ND"

Y sPAHs 16.4°/8.1" 33.1°/31.1" 14/7.1" 12.6"/5" 13.3%/4.6"

T ND AR A o AT b R BB (2014) 27

3 Fig

ARHFFE S T T QuEChERS-DLLME 45 &
GC-MS [ml Bl 22 + by & 15 i PAHs J7ik,
751 LODs #1 LOQs {H 3514 0. 1~ 1.8 pg/kg Fil
0.3~6.1 pg/kg, FIBCRAE 70. 23% ~ 108. 52% 2.
], RSDs BI/NT 11. 7%, %5 B fifi Pk R
B NG % BE v, T T SE PR A AR S R
PAHs (%2 ,
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