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WS TOINEE R A I (ASE ) I A A RO 40 (SPE) | AU 0 35 4 (HPLC) Bk & 52+ 3 16 R 23105 &
(PAHs) Y5047 75, 26 £ LUIE Cobe /IR (1 + 1, V/V)E S ASE $2 U, $2 BOR 2 SPE Rk /M ¥ 4k, 1E O e/ — S e
(U + 1, V/V) BEAT PRI, BEL AR 10 mL, SRR 28 e e 26 R ik i B+, 3 0.22 wm AHLIERE , O EAZE | mL, &7
Fi HPLC - S04 % % 2 IO 16 ' PAHs BEATE ft 347 . L3 16 i PAHs A5 B B 2.8 ~ 4.9 wg/kg, INAs
Wl 20 81.9% ~ 102% A XS bR Efi 2209 2. 5% ~6.2% ,5¢ 421 /2 L e vh PAHs 73 B 09 B2 & 45 ) 225K, % 2 Fa i M 4 L ofi
W R AT HRAE SR 5SS T AR P 16 R PAHs BOMERRIIE

SRR AR < A R A 5 [ AR AT R RO (U s L ZIRO0F R
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Optimization of Conditions for Determination of PAHs in Soil by HPLC

ZHATI You-peng, GU Yun, DING Jin-mei
( Taizhou Environmental Monitoring Center, Taizhou , Jiangsu 225300, China)

Abstract: The analysis method of 16 kinds of PAHs in soil was studied by accelerated solvent extraction, solid phase extraction pur-
ification and high performance liquid chromatograph. n-Hexane/acetone (1 + 1, V/V) was selected as ASE solvent, the extracts
were purified by silica column, n-hexane/dichloromethane (1 + 1, V/V) was used as elution solvent, the elution volume was
10 mL. The elution solution was concentrated to nearly dry by rotary evaporation, and then was filtered by 0.22 pm organic mem-
brane, finally acetonitrile was added to make up to the I mL mark. Quantitative analysis were taken by HPLC equipped with UV de-
tector. The method detection limits were 2. 8 ~4.9 pg/kg, the average spiked recoveries were 81.9% ~ 102% ,the relative standard
deviations were 2.5% ~6.2% , which completely satisfy the requirement for quality control of PAHs analysis in soil. This method had

good stability, high accuracy and strong practicality, it was suitable for accurate determination of 16 kinds of PAHs in soil samples.
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1) (HJ 784—2016) [ - EFTLRY) 2 0I5 % 1) Il
MO RE - g k) (HI 805—2016) .EPA8100
2= T 16 R e B B PAHSs Ak 2k 5 A
Uk AR, H 2 R e B R AR B, R PAHs
(1 35 B A Al 78 e R

H i, 43 PAHs RSB 3% £ 524 [ A0
Wi AR I AR IO R PR AR O I A AR A R
e I R (ASE) FE AR ,ﬁ\qﬂﬂuL“**Jﬁ
HCELAT 8 e 0K R A HILIES ) Edmﬁs&
VESEAI 5, )32 I AT - 3 b PAHSs ) 2 4™
W A Ak B AR A 9 R RS2 AR Ik RN 3k 2 B RE
FEJE BT DR AR 26 BURE , SPE) %5, A 2510 g%

2 3 I R A A SR BB DA ) R 2 T AF A B

HEFHIE e k6 05 Ak, n B [ i SR 7E 87.2% ~
129% J5 M, 15 8] TR/ 8RR N
M/ — G H B (B EE S 10 1) TR A5 VRO ok 38 2 L ik
TR JEMT K 2R3 0 T R IS 1) AE ORI A T 4
b, B IR 2 Il R o 78.8% ~ 114% . il i A0
A% (HPLC) 43 M7 N 75 2256 B 5 F 171540, 15
Tl A AL 4 (0 S, DR B R PAHs 43 7 HR )
e

JSUAE N 3 R0 RE B — AR AR U e Ak - AL
ROAR €533 23 BT A £ 38 vh PAHSs 60 1) 3 22 05 7%
JEA5 20 38 50 I, AF 7R A8 BB 106 1A RN Ak 2
e} 18] 25 2 500 T ) R AS B G — MO 4538 , 16 92 BRI
WS AR — E B R RED . PR T ASE A,
SPE it (HPLC A5 I , 38 & X ASE #& B 77 S %
BUURE (SPE 4k Yk JBE 375 751 B ok B 1A AL L £33 %
AL, B ST — B kP B I E e
PAHs 460 75 % .

1 #MRE57HE
LT A& L5
Waters 2695 &2 i A 8 1% 4% ( 35 [ Waters 2.
Al) | BCA SAMG I % s PAHs £ I35 FE (4.6 mm x
250 mm ,Kif%E 5 um, 3 [E Supelco 2\ A ) ; ASE350 it
S F A AL (35 B Thermo 2\ ®] ) ; Austo Trace
280 H 2h [& AH %% A ( £ [F Thermo 23 W] ) s HET -

VAP Jig % 75 K AX (78 E Heidolph A 5]) .

PAHs brifE# (25 e e 25 VI V8L 7
B TR [a] B ARIE (D] R IE (k]2
BRI LaleE . I [a,h B 8 I [ g, h, 1]
EiJF[1,2,3 —cd] @1 500 mg/L, %5 h &
8 —

& %1#

:ﬁ&#

%‘%lﬁiﬁi/\ﬂ) T IR AR HER W (1 000 mg/L,
ARG, K E A RS A S H L R

EBF G R ARG, W AT 3 S R B

JBe A B2 ) 5 SPE it 4k/NVFE (1 000 mg/6.0 mL, 3

E Agilent A H]) .

1.2 #mffEb5an

B AR R AR TR AR T A R 3 A K AR
H o B af RS B AR BT W I B AR L) (HY/
T 166—2004>*”%n<<%mm%ﬂm&ﬂi%muwm
25.2—2014)" | RS SR SR, & S RE—
BHEA4 em B0 ~20 em (Y RIAFTE £ )Z 1K S
AN BRI R S SRR A R L AR

RS E T = B AL A SR KT i
i, 45 1 1 AR A &5 ASE ZE B, SPE B4
b R G F AR R A ROE A E 1 mL £
1.3 ASE ¥R4&#

FAET) 1.0 MPa, iIn# ik B 100°C, T i #4°F-
55 min, FAFEEL S min, %5 57k VER B R 60% i
PRBL, ERH ] 120 s, @0 A BUR B 2 1K
1.4 SPE &AL &4

¥ ASE 25 HUAS B (4 32 BOM T % 28 Rk 4 &2
I mL, K ¥ 50 58 & 56 3 8 OF O ke, I m W% &
I mL,fpifb. BT P24 i £, ASE # e
) 11 B2 BRI 3 S vk B (0 B M (4, 7E ] HPLC &3
DN, R R RE AR AT k. K 1 mL fREE Y
P HCW I A B IE & B 3 b 2 sk B /A,
SmLaEcge/ @AW B (1 +1,V/V) Y, 85 Uk
JBE 2 W, AR VE R, W 4E E0.5 ~ 1.0 mL, A
3 mL N, PSR R EAE 1.0 mL £R
1.5 &4t

FH HPLC 28 54 2% X5 16 #h PAHs i 17 £
M, PAHs & A48, WMl M-8 N + 7K A
35 C;HEFER 10 plL,

2 #R5ite
2.1 &afMri
2.1.1 Jah A HF

G T AR S WA P 04 U Bl AR A LI D
MR AMEE WA 190 nm, HIEE Sy 210 nm, T 78
S EI ) PAHs AL &9 (W8 R [ g, h, 1] BE) £
210 nm A B A7 F KW i g, 4 WY B AR S It 30 AH
I, 2R e B AL, S s M 5 e i 4 A, IRl T
Tt 1) 265 88 2R 00 R, S BORE TR A, BRI T A B0
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FHA LIS 9 38 7 2 o 0060
16 it PAHs (k2545 #9534 HE R+ 43 401
7 Y N Y o 7 5 3 \, 9
R FH A5 B R 0 T 125 58 4 43 B, T SR ARG 32 e ( DL 0.040 12
\ P Y N Z 16
1) AT LLARAT R e B OR  BE L PR I S oo 17
Y - g
JE ST FRAE S g AR = (DLE 1) 0.020 0 14
0.010
£1BEEBAE oo pJulUUL OO
I} (] /min W/ (mL - min~') 2N/ % K/ % 0.00 4.00 8.00 1200 1600 2000 2400  28.00
0.00 1.00 60.0 40.0 {/min
1LZ5, 2,980, 3.%5, 408, 5.3, 6. oA, 7.8, 8.7%H, 9.1,
5.00 1.00 60.0 40.0 10. BFF[alf, 1L, 12 $TFbPER, 13, BIFKEER, 14, 43 [aliE,
20.0 1.00 100.0 0.0 15. 2 %TF[a ], 16 5Tf[g, hiltE, 17. HiIF[1.2,3-cd]EE.
29.0 1.00 100.0 0.0 1 2.00 mg/L PAHs 5&%&7&?@7&@%‘@
30.0 1.00 60.0 40.0

2.1.2 ek ki
PAHs $5 KW Y3 K L PR B3 I ) s o il 4
K BROLER 2, 38 ARG 28 < F 4, & BE 16

it PAHs 7E38 2 th g B S Kma Bl . 78
PRAE 16 B H bR Ak G 90 5 4w Rz 1 [ B, S8R
FEAL TR, A S 43 25 16 i PAHSs, 5 2 3k #%
237 nm FE R

%2 PAHs R XWRYCK K R B B E) AR A i 22 46 H R

o o A .
an sy ORI RETY e e 2 W R ﬁf T”kf ,'g?)/ s
% Nap 220 5.732 y =366 895.4 x + 14 883.4 0.999 8 2.9 5.8
T s Acy 229 6.414 y =172 389.8 x +3 021.4 0.999 4 2.8 3.9
% Flo 226 7.884 y=261130.1 x+8 563.4 0.999 6 2.9 5.2
i Ace 210 8.332 ¥ =59 658.0 x +357.6 0.999 7 4.8 4.1
El5 Phe 251 9.603 y =179 857.1 x +4 580.9 0.999 8 4.9 6.1
- Ant 251 10.760 y =459 044.8 x +14 785.7 0.999 7 3.9 4.5
B Flu 236 12.281 y=125314.0 x +1 251.5 0.999 6 4.8 4.6
B Pyr 240 13.364 y =198 136.6 x +5 977.1 0.999 5 2.9 5.2
HIt[al BaA 287 16.690 y =212 805.5 x +6 930.3 0.999 7 3.8 3.6
i Chr 267 17.636 y =290 435.4 x +8 731.7 0.999 9 2.9 4.1
FIE[ b5 BbF 256 19. 802 ¥y=95926.0 x+2016.8 0.999 8 4.8 3.9
HH k]9 BkF 307 21.086 y=121515.6 x +2 249.9 0.999 7 4.7 4.7
HIt[ali B[alP 296 22.188 y=115783.4 x +3 756.8 0.999 5 4.9 5.2
T If[a,h] B DahA 297 23.703 y=2321285.8 x+2797.7 0.999 5 4.9 4.0
#It[g,h,i]tE BghiP 210 24.417 y=89818.5 x+1 681.1 0.999 6 4.8 3.8
Bid[1,2,3 —cd] i IedP 250 25.281 y=131447.4 x +3 489.7 0.999 8 3.9 4.5

2.2 ASE ¥ IRE4M#ib
2.2.1 FEBRAEMNKE

M) 10 g AEPPAMALT mL1.0 mg/ L PAHs I
WESW, 73 0 — & WP ke JN R OE C b L IE 2 b/ TN
B (1 + 1, V/V) AR 200 R, R A7 4 500 ik £ 15,
GiRIE3,

12 3l 0, = S Y e M A 4 16 A PAHS
AR IO T IE O ey, He F2 2 LR S TP Be Al
VAR B9 2 A PR o, A7 R T PAHs IR . ER,

#3 ASE ERURFAMK (n=3)

S e Nkr i/ s [ R 7N
A (;j]g TJ{?') qg/; i
A b 100 83.4~102.4  4.8~7.6
P TR 100 85.9 ~103.1 4.3~8.2
IE O 100 68.5~89.7 1.7~2.8
ECEE/HEI(L+1,V/V) 100 84.8 ~104.2 1.5~2.4

A o RN T B BBCERE A AR o R 22 L2 OE © e
K, PR R M #5223 2 R0 IN O A e
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PO A P A i, AR R B BRI B 2 BT £, TR
TEARMERE L T K, e M e T .
RJHIEC e/ T (1 +1,V/V)FE R 2B ], AE
PRI Fae M i, B O & Be /T
BRI (1 +1,V/V){EHR ASE 32U+ 5 rh PAHSs %) 25 B
I
2.2.2 EWMRHBHKEF

FEXTERAS ZE BOR BN 1.2.3 W, #F AT iR K
5, 45 Rk 4,

a4, HIEC K/ WE (1+1,V/V) 1§
h ASE 42t 16 Fft PAHs (9375 71 B, £ 5 2 W 4 [m]
WA ] G AR BT YR Y e, Ak S A QR B, [l
WA A AN B ., 25 S8y 2 s ) KA L ) 9 1
i 2R BOREGE E o 2 K

&4 ASE FEURHMMMK (n=3)

FEREL/ W T F %/ %
1 78.3 ~96.8
2 84.8 ~104.2
3 85.1~103.8

2.3 SPE A 44k 421k
2.3.1 SPE £ %1b 3 7 69 26 5
AL 10 mL & B OE O 4 IFE C b/
HBECL + 1, V/V) Ay Uk B W, % f S AT v 16 Fif
PAHs [ A5 [FCR G &l 2 firs .
100 - =THMEE s Bk - IECAYZETRE+1LVTY)
80 H
60 H

40

TR 3R /%

20

$

R 5 R SRR PO NPE e

SN

2 AEBEBRFIEERER 16 # PAHs # 0 i 2=

AW LERS 2 Y Nap Kz 3 FR(% Acy . Flo,
Ace Phe [ Ant Flu () [5]i % Hp 1E O BE & , 11 1E b
%I 4 ¥ Pyr .BaA Chr .BbF BkF B[a]P % 5 ¥
DahA TcdP 5 6 FF (1% BghiP f9 [a] i 5 [ — G W ¢
X B A Sy G B AR B OE O e o BT
ISR 30T 1) 2 36 & 3 36 PAHSs ()42 BURE 5
M PEE 5509 4 35, 5 1 f 6 379 PAHs $2IURE
o0 —

F155,

R Tk G B — 3 R A R R R U B BAE © e/
ZEME( +1,V/V) B A WA A BE W, 16 Fil
PAHs [l %%y 82.8% ~92.5%

2.3.2 SPE # % 1b ¥ 7 1K #7335

) H IE C e 3 At 9 BE S/ TR i A 1T mL
1 000 mg/L PAHs JR A bRl i, 435 FH 4,6,8,10
12 mL MIEC e/ A BE (1 + 1, V/V) P, 4
UL 3, G5 R R, S UEB AR 10 mL B, 16
Fft PAHs 8 5% 4 bk U Hh L DAL 8 66 390 A4 B ik s o

10 mL,
100
80
60

40

il 2%

20

4 6 8 10 12
PR (A BYmIL

B3 FEERERIT PAHs B3 b2 R

2.4 FikMELIRAR

2.4.1 FrE@ & FERHEREIEEE
FHZ NG T 16 Fi PAHs 18 & bR 7 R 91 .

0.04,0.10,0.50,2.00 F1 5. 00 mg/L, J & % A1

IGAL — S AN G 45 A . DL PAHSs 4 7 ik 2
AR A AR o L f4 A a5 W 7 (L (06 T ) S G AR A
/Z{ﬁi‘lji:/j‘(ﬁﬂﬂéﬁo

W% 2 i 75,16 Fl' PAHs 7£ 0. 04 ~5.00 mg/L
T P 5 RAE 2R, AHOC R B 0.999 4 ~
0.999 9,7k i PR A 2.8 ~ 4.9 pg/kg, A X br i
fii 254 3.6% ~6.1% , i /&£ (HJ 784—2016) " {1y
HH OG5 et s o B SR, U B 2 T I o R o, T A
PEGF 36 T 58 PAHs B9 E .
2.4.2 IR G AR ER S T

FH = HERE S L TN bR ] 0505 58 56 10E 5 vk 0 RS

LRSI e

T EERE S P 16 B PAHs [ Rt % 81. 9%
~102% MR AR UEDR 250 2. 5% ~6.2% , 58 41§
FE(HY 784—2016 ) B 5 43 BT i) ot o 4% 1 25K, 1t
B 7 i n] L F - HERE b 16 B PAHSs 1) 4 B
W7 .
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RS TEMFMED 16 T PAHs (MR EKE( n=3)

WINE (100 pg/kg) WS INE (400 pg/kg)

&
[ 2R/% RSD/% MW /% RSD/%
% 95.2 4.8 98.4 4.4
JE 88.6 5.2 89.4 5.1
il 85.7 3.9 86.2 4.2
hieA 86. 1 4.4 88. 1 3.8
E[5 88.2 4.1 87.5 3.5
H 91.5 5.6 90. 4 5.1
D 85.9 3.9 88.3 4.2
[£d 96.3 4.7 99.2 3.8
HIf[a] B 81.9 6.2 83.5 5.5
Vit 89.5 5.7 90.6 4.8
A [b] 9 E 90.3 3.7 88.9 4.3
HFIF[ k] 88.3 2.9 89.6 4.8
HIf[al it 85.4 4.5 87.9 2.8
T, h]E 98.5 3.3 102 4.1
#If[g,h,i]tE 86.4 2.6 88.4 2.5
BidE[1,2,3 -cd]tE  89.2 5.2 91.8 3.8
3 #iE

FKHIECH/NE (L +1,V/V)EHR ASE 4 1
VS, R BUOR 4 SPE Bk /N H«%ﬂc VRN IE &
B/ G WRBECL+1,V/V) IR AW 7, Ve B AR R
10 mL, fJ5 F HPLC 52 2 B3 b 16 F PAHs ¥k
o Bk AT AR SOINAR S5 16 Rl PAHS (9 £S
PN 2.8 ~4.9 pg/kg, o] e Rk 81. 9% ~
102% , MXTFR HEDR 22 K 2. 5% ~ 6. 2% , 58 4 i /i
(HJ 784—2016) # it 43 Hr 1Y A1 56 it 8 455 ) B 5K .
Wi B Z 0 1k B R e PR ER B R T SRR R SR R
AT HERE S 16 B PAHSs (90 5E .
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