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BRI PLAR , BT T IR A 48 A1 ¢ SRS 2 £ IR o AIRORH €6, 18 722 [R] B 2 b R 7K v 16 F PAHS 194047 i, %6 FH Waters
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ROR WAL e i WOR A 3 T E i T — % . %7 E7E 0.01-5.00 mg/L 22 8] HA BAFRYL ISR (R®> 0.9999), PAHs &-AL& W11y
T VARG BRAE 1.25-7.02 ng/L 22 J] , I 58 25 AR HR 1A 22 ( 1 =6) K 0.80%-7.98% , AR TSN 65.0%~104% ., A )5 A3 iR
1, 18 FH T4t b T 7K PAHSs [R5 25 43407
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with UPLC for the Determination of Polycyclic Aromatic Hydrocarbons in Water Samples.
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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are widely distributed in the environment. Being hardly
degradable and potentially toxic, PAHs are getting more and more attention. In this work, a method has been
developed for the simultaneous determination of 16 PAHs by optimizing the UPLC conditions and the detec-
tion wavelength. The chromatographic separation was carried out on ACQUITY UPLC Waters PAH C18 col-
umn; water and acetonitrile have been used as the mobile phases. By adjusting the proportions of the mobile
phase, complete baseline separation and detection of 16 PAHs could be achieved within 16.5 min. The effi-
ciency in this way reaches twice as high as that of traditional high-performance liquid chromatography. The
linearity range yielded was from 0.01 to 5.00 mg/L with a good correlation coefficient (R*> 0.9999), and the
MDL ranged from 1.25 to 7.02 ng/L. The relative standard deviation (RSD, n=6) of the determination results
was 0.80% - 7.98% and the recovery rates of the target compounds were 65.0% - 104%. This method pro-
vides high analysis efficiency and is suitable for simultaneous screening and analysis of PAHs in batch
groundwater.
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Z A5 4% (PAHS) /& 48 0 F & A LA R
05 B IRACA Y, B MR A 9 S0 EOmT 3
RARM: o ) B ERR B Tk EEARIR OR )
T ZAFAETF U 3 RUK AR R A AL
V5 444 (Bansal and Kim, 2015; F 4% ,2015; F &
T 20185 HITAE,2022) JSPAHS A3 T2 AE KA
rhr i AR AR (45 SE i 2017), Al A S 2
BEAEFATE AP R, X RS R (A i e =4 7
FR 25 E AR E O 28 B O ORI () B
HHF(a) B (1,2,3-cd) EEZF 16 B PAHS i i
e Se il AR5 Y4 (US EPA, 2007) , EPA il 5E
7K JBARE R E , TR K H PAHs AR/ 8 fie K15 e
Y 7K 4 0.2 pg/L (Pasquale et al., 2017) . F& [F (4=
TSR K DAFRUEY (GB 5749-2022) Hri s « A 3F(
a) LAY S R AR 0. 01 pg /L, ZHIF IR MR
15 4 11 0.002 mg/L (5] Z2 17 & W B 4 21 s
2022) ; (CHb FROK FRES BT f 5 ) (GB 3838-2002)
HIF () BEERYT5 YL PRAE M 0.0028 pg/L (5] 52 45 3t
PRy AT 52 I W A T AG 2 R, 2002) 5
Tk B AR UE) (GB/T 14848-2017) ki 28 | B . 9%
BUARIE[0] 28 IR T [a]eb A s WAt B < 8
T4 20 AR VR TR AR I8 B T ARk K (R 7K B 7
i i ZE AL 100 pg /L, A 1T 1800 pg /L, %4
BN 240 pg /L, RIF[b] 9 A ML 4.0 pg /L,
R [atE AT 0.01 pg /L ([ 5255 B G 56 16
JEE )R, 2017) o PRI, A ST R RGBS A
B 5 B0 T KBTS G BUR R A PEA K A 6K
IR R o AT F

1 F /K A b PAHSs 2 SRR, 7R EHI S 2 i
AT ENRE S A T s JE VR A W T 1 AR TR 2
BU(LLE) (Titato and Lancas, 2006 ; 2= i1 4t4E 2017,
VEPEPE2019) FREAHZEEC(SPE) ( 4155 ,2016; %%
FHFEE 20165 T4 1045, 2018) 5 o BB 7 A
TR, LLE SR IO E AR (440 J5 [ IS0 5
1o ReE R, LR (AR5 A5 B R BRZE T 5 SPE
SRIBCAT fa) Ak By A B L | XA A5 T X AN [ W
F) HARPIE RS & AR RN A S0R o A [ AH AL Bk (4
DEIESE 2017, HAE KRR E SRk 4 7 1A F R BR
P A S PR A BV S A 35

PAHSs M5 J7 vk FEBEAT SR L RS TR V75

2004) KA f3%-Fii 1 (Bandowe et al,2010; [45%
,2020; 15, 20205 # A S5, 20215 5K 4R 4,
2022 4779, 2022) | = H DU AT M 21 i ik
(FAESE,2021) R BOBAR Gk (4055, 2010 Fi
55,2019 WURZEAF 20205 FALMAE,2020) AL
VROAE G - B B vk (X5 2018) %5 o T
PAHs KZ &0 Fa K ARGk ea9, 1 H.
XA B WA S AP S SR A% b HAT A Y R
(R 1, PR MV €6 2 H iS5 FH /K5t PAHSs A5
DA o DRI 28 EA R R = 0 B AR
HH B R o) S e g Jo v e B AR A RN A
WA LA 5 ERE A P o, an — 206 55 o 22 M e il
im0 R U B AR SCR A S
8 ARG 256 FH A e RO i vk [R] o
JK 116 Tl PAHs o A J5 1 HAT 43 A Bof ) S L 8 A0
e A FRAG A% B R AR A, R At FE T K
H H ARG 75K

1 525304y

1.1 2 EE R F

B 1 AW A 8 3 { (Waters Acquity UPLC
H-Class) : 7 45 fic & # = 1 DU oG i 75 42 i o R b
FERR , TR BT A IR AT , m s IR R L A
W25 F0 22 4 29 R R 25 5 4 B 3 &2k 4 Y
(ATR) Fl Millipore Zfi7K L

16 ' (EPA) PAHs & & 45 : 200.0 mg /L, 1
mL, % [E AccuStandard 2\ 7l .

BRI BRUE W : 318 Ossi 24 7], 2000 mg /
L,1mL,

O : CNW AR 35 2, b e B ey
AR

IECBE : CNW VA 0 i 2, b1 2 B i
A RAF

FAER oy Hral) ToKEREREN (S Fral) - i
LEERLR AN A PR 7], 450°CHERE 4 /Nt o H1 s
it T P 2% R A
1.2 By

%4 Waters PAH C18 {4354 (50 mm x 4.6
mm, 3 um) ; i shAH : K (A) FIZNE (B) 5 i shARAS B
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ZME VLA 1 PERERAL . 5 ul; W < 1.4 mL/min; A
T 30°C 3 2RI U (=254 nm) &6 I0, 15 B 1 e A
WA KSR IAS ) Ak A %55 g 1) Fe A8 R R &
SRR 2,
1.3 H#RARE

FE SR AL R 0-4°CY ARTE . 7 RN SE K,
ZEI, ZEBUR BIAE G RLEEYE , 4°CUAF Y8 i, H1E 40
KRN HTEEE

®1 BEERRER

Table 1 Gradient elution procedures

i i) (min) A(%) B(%) iHiE24
R 50 50 5
55 50 50 5
17.0 0 100 5
19.0 50 50 1
220 50 50 5

R2 ZSMBYORAR MR FNE SR K (nm)

Table 2 UV absorption wavelength and fluorescent excitation wavelength and emission wavelength (nm)

wEW e VTS 3 ORI RIFPK K 2%
% 219 280 340 FLD
—AE 228 UvVD
e 210 280 340 FLD
Vil 254 280 340 FLD
E[d 251 280 340 FLD
3 251 254 400 FLD
WA 232 280 430 FLD
EE 238 254 400 FLD
I [a] B 267 280 430 FLD
JiE 254 254 400 FLD
AT 258 280 430 FLD
I[P 240 280 430 FLD
Il 295 280 430 FLD
Z R [a,h] 295 280 430 FLD
It [ghi]it 210 280 430 FLD
BIF[1,2,3-cd]FE 251 305 500 FLD
RIS 230 UvVD

1.4 HERBTANE Sy B T KR I KOR BRI R , 2

18 H 1000 mL 7K A, 8] A 1000 mL 43 & s <}
oA 30 g SRR s BRI T SRUBE R A 50 mL IE
CBE, Y% 5 min, #5502 EEA HLAH T 250 mL
FEWOR . 52 2 UM 3l , 45 T A HUA , A /K B2
BIBRIK A MUAHFE B B AW, Ak 4i =ik T,
FEIMA 3 mL N, 4R 229 45 & 1mL LN S5 H
CMEERZE 1.0 mL, 77 FHLIGE

2 iR 5THE

2.1 BIESHRRL
N T ARFFE IS P DRI R S TSR He 9], A3

W - KAE AR sh AR, B AR 4328 B A Rk
WA, B s OB EoS R S g
P Or BA B[R], 23 25 B D Bl =2 F3EAIK

T SEEL 16 Fi PAHS (1940 25, T M 45 413k
PEFTER A AN ), X Aof B ke iR e A T Ak, i
P BFRAG A Wik 2R 43 5 ol i i 52 i 00 i )
FHECBI, e85 2 TG DI IR AR FREL R 50% , i 0 1.0
mL/min AHFEMAE T 28 S EE R 5K [a] .
TR [a,h] RS FI [ghi] e M eI [1,2,3-cd]HERE
LR B ANTE 4 ARSI S A EL ) B R T I R
J¥, N 5.5 min FFUR 57338 i 28 e, 1) 17 min ik
F G ERBER 100% , ITT$E = H AR 40 25 5 5 1
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A KGR 2% A 1.4 mL/min , M4 50 52 B A]
e A6 16.5 min P SZEE 16 Bl PAHSs 58 40 55 (e fE
R HT S 1.475) 15 5] 43 B8 i Y H) | 4

() PAHS JE &, =) 1 B o R 503 5544 G s A0
A 835 (275 40 min) (P F 55 20145 4 055,
2018; BETFIF 4R, 2019) X 1, 125 T 14%,

2400
= 3 9
2200 X a 2 (a)
2000 2 8 _
1800 2 2. R ‘
oy <2
1600 o #l| = £ =
a g 2| % £
1400 = S % £ &
& o ® 3
21200 g = a = © o
i . =2 % g3
1000 ! = = )
finl = s = X
800 IS s = = g 4 & = #® &
< & ¥ =4 <+ R & ~
N R s s 2 =* g o
600 i s e W % o
> & v ®
400 & =4 =
200 /\ =
0
1 2 3 4 5 6 7 8 9 10 1 12 13 14 is 16 17
43
0.024 2 ®)
o
0.020 a
=3
& -
m 2 -
0.016 - s v L
3 5 [ @ o5
3 i < > 203 :
3 & : . : 553 T gg
0.012 i & = = own m R 7 T = 9
< b # o o T ® = W T
1 x R 8 = 8B £5 ®EQ
s oy 5oz = = = = = %=
0.008 & = o ®8 o2 R § ® i w o &
S # ® O O8 % #® = = B & g &
3 = b B ® = Qo oE = ~
) < = b = ¥ —
ES & o =3 & & &
0.004 8 9 s %
AN M
0.000 /\/\
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43

B 27000 e B IR (a BRI, b 55MaI)

Fig. 1 Separation chromatogram of PAHs (a-Fluorescence detection, b-Ultraviolet detection)

2.2 Ml KRR

8 ARSI 7 38 FHVE AR, 16 B 2 30 05 K AE
SEHM I 2% b A Ny, H SR SR HARAR & A T
1o o 2 IR BRI L S RGN g R AR L
FHFARS e Z 37 R ARG . [/, i T 508 I
B T IR (5] 16 A iy i i 02 F1107) Jo ¢
MR (2 5 v R RE, 20175 F45H4E,2020) , R
BB FH 28 SIS A6 I o DR I 5 58 ARG 1 5 ¢
FERIEE H I, [ Ak T b AR 2 kR
) ) A B — S0 TC 2 SR AL 1) [ A

Wi Z WAL, 155 T SLHME I #R 1)

e A W MAC I e e e S Gy I 4 1) e A0 R 5 % 3
K AR g e A AR, JCA s 48 Ak it i
FERTIN SO 72 2,
2.3 L MESE B R A H R

fic 1 0.01. 0.02. 0.05. 0.10., 0.20. 0.50. 1.00
2.00 F15.00 mg/L R ANBRIEGS WL, DA (o35 06 1w AR
NABFR , Xof o e 55 R A A, R FH AR v ST AR T
2k, 35 16 F PAHs [ 7 BEFIAH SC R E(423),
Hy < 3 A 41, PAHS 7 0.01-5.00 mg/L 3t il P Hobr o
M2 2t O R R AT MO R B R KT 0.9999, 7]
T A S [ B KRR A Bt T R
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1528 [ARE 5 v S I PAHS TR 4 b 7 15 1 0.03
ng/L, il g ATADL R (I BE AR 5 O 107 o Fi IR 1.4 15 A 7
RUAREE, R A 1.2 1 s 54 BRI, 1587 ik
HBR A

MDL=t;,.1099%S

Horp, MDL i Kzt B 5 S S P-4 7l e

BRI 22 5 ¢ 0 R BE n-1 . BAR A 99% KT Y t 43

5 n RSB RSS2 n =9 B, TT 515 5]
PAHSs J5 146 B 2 1.25-7.02 ng/L ( £23) B4 1%
D7 A BRAE SR il R BR, A1 e 3 A Rk
B, A8 D775 16 F PAHSs K tH BREAKF AR 1 2 HI
478-2009 ( FREE (5471550, 2009 ) Hi G S L FR , ] B
S A2 B ARST T e A H BRAR TF SCHkAG: H IR
(ZIR5,2019; EURZ5E,2020) 6

R3 ZUFRHLEFE LR AGHTRENEEE

Table 3 The regression equation, limits, lower limits of detection and measuring range

st Frife i £ 5 2 for H4 R (ng/L) ot N R (ng/L) WM (mg/L)
% Y=9.72x10°X-3.02x10° 4.00 16.00 0.02-5.00
& Y=6.50%10°X-2.96x10? 217 8.68 0.01-5.00
Uil Y=3.52x10"X-1.37x10° 432 17.3 0.01-5.00
—AUE Y=1.34x10"X-5.82x10° 1.25 5.00 0.02-5.00
E[S Y=6.69%10°X-1.02x10° 7.02 28.1 0.02-5.00
J& Y=9.33x10"X-7.26x10° 2.40 9.60 0.02-5.00
P Y=1.03x10"X-3.04x10° 1.86 7.42 0.01-5.00
3 Y=9.41x10°X-2.50x10° 2.67 10.7 0.02-5.00
R [a] Y=3.27x10"X-6.94x10* 2.56 10.2 0.02-5.00
i Y=9.68x10°X-1.52x10° 227 9.08 0.02-5.00
FEIH [P Y=2.45x107X-2.05%10° 2.48 9.92 0.02-5.00
E S N INDP Y=7.68x10"X-3.38x10° 2.12 8.47 0.02-5.00
HH[a]t Y=6.57x10"X-3.13x10° 226 9.03 0.02-5.00
TRFf[ah]E Y=1.54x10"X-1.15x10° 2.19 8.75 0.02-5.00
I [ghili Y=1.96x10"X-2.12x10° 2.89 11.6 0.02-5.00
EiI[1,2,3-cd]HE Y=2.37x10"X-2.01x10° 2.70 10.8 0.02-5.00

2.4 1EZ E R INFRE =

R T AR TR B HER I R, I
At H R bR KA S R I — 2 i PAHs TR
PR W, i R S 5391 4 0.05.0.50 ,5.00 pg/L
FIRE AR5 6 403 , 342 B8 1.4 795 19 7 vk EA TR AL B 43
SRS, 3153 RS % B s D (e 4) o th e 4
Al L, AR HE IR 22 (RSD, n=6) 4 0.80%-7.98%,
TR 2 65.0%-104% , 5 SR ke B2 14K BR
G T2 R B K, 75 5 ¥ k& , FLRSD
FE R IR A LS, HA AL S 4 1Y RSD B/ F
5% JINbR SRS T 75%
2.5 LFREERAYTIE

AT B s R R AR 1 4 AR K

AR, U 1A R KA S H AR 2%
TEUE R, R4 0 0.019,0.021.,0.049 pg/L,
(GB 3838-2002 b 3% 7K I8 ot fat s o ) ( [5] 5 B 1
DA ey ] 28 o o Wi A e K 3 g, 2002) R
K VE 2K I [a] BE I R K, PAHs Kt B
0.089ug/L, t/NF(GB 5749-2022 A= i Pk /K 114=
FRUEY ([ 22117 17 W B A 38 )5 L 2022) BILAE kT o
(2 pg/L) AR T35 E AR E IR EK BRI 0.2 pg/
L(US EPA, 2007) , R BIZ/K BT M 7E &% 230 Z N o
FE S AR 810 36 TE 62.2%-84.6% 22 1), i £ (K
SRR AE HT 478-2009) (FA 55 {54713, 2009) FR [a]
R EER , B2 S KR 16 B 2 38
5 S 1A [T S ARG



566 O TR 2022 4
F4 ZRRFEGRBEXTERERZE (n=6) RINtREE
Table 4 Recoveries and RSD (n=6) of the samples
e 0.05 pg/L 0.5 pg/L 5.0 pg/L
ISR (%) RSD (%) M3 (%) RSD (%) ISR (%) RSD(%)

% 70.3 6.83 73.7 4.63 68.5 1.82
e 65.0 7.96 69.8 2.14 72.4 1.92
Uil 76.3 420 77.8 2.95 74.4 2.73
—EE 85.7 2.73 78.0 3.00 76.7 2.96
E[S 70.0 6.52 76.8 3.88 79.5 2.95
H 83.7 3.52 76.6 2.67 83.4 3.10
P 89.0 2.36 79.7 1.60 83.2 3.02
i3 87.3 4.95 79.9 1.68 84.2 3.06
FEIF[a] & 94.7 2.56 96.0 0.80 93.9 2.01
i 96.0 2.95 97.8 0.94 95.0 1.79
FIF[b]DE 102 5.34 98.8 1.11 94.1 1.80
ESIINp N 104 4.60 98.8 1.04 94.7 1.76
I [altE 89.0 5.82 93.8 1.16 929 1.96
T IH[ah]E 943 7.98 96.1 1.43 94.0 1.72
HIf[ghi]E 953 7.35 95.8 1.49 93.0 1.71
Bli3f[1,2,3-cd]HE 96.3 7.81 96.0 1.54 93.3 1.73

3 2515

AR SCHENT TR OB ZE BT A B, 5242k
ARG T 25 £ TG I 114 8 o 0T A € 392 ] s 7 7K
W16 Tl Z IR R HT 71k A SRR 20T IR R A
JEE v A BRAIG, FLH R B, 7E 16.5 min P4 RIAT 58 %
16 7' PAHs 11953 25 5 K0, /3 AT 35058 48 EPAS310
HJ478-2009 ( 24 40 min) $ & — % o I A1, I 7 i
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