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in marine sediments by high performance liquid chromatography
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ABSTRACT An analytical method based on liquid phase of fluorescence detector combined
with UV detector has been developed for the simultaneous determination of sixteen polycyclic
aromatic hydrocarbons (PAHs) in marine sediments. After being extracted with isopropanol,

the extract was distilled with HLB column, then performed on HPLC with a Waters PAH Ci;
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column (4. 6 mm X250 mm, 5 ym), separated by gradient elution using a mixture of acetonitrile
and water as mobile phase. The calibration curves were linear with correlation coefficient over
0.999. The average recoveries from spiked marine sediments at the 5 ug/kg and 10 pg/kg con-
centrations ranged from 72. 6% ~117% (n=6) with relative standard deviations less than 10% ,
and limits of detection(LOD) were 0. 2~4.9 pg/kg. Some PAHs were found in six marine sedi-
ment samples collected from Dalian and Yantai areas. This method was validated to be accurate

and sensitive for the analysis and risk assessment of PAHs in marine sediments.
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L1 &G F S5

Waters 2695 #5280 AH 3% AL (32 [ Waters AR L L 2996 1 & BF 1 2 S D 2 1 2475 2 P K 2 0K
W2 s Waters PAH Column 5 pim 4.6 mm > 230 mm ¢4 £ s XW-80A T i i -4 5 L6 BE K AR s Hi-
mac CR 22 G [I #Y & # 8.0 HL (H A& Hitachi 22 7D s N-EVAPTM112 # % A W 11X (3£ E Organomation 2
1) s Milli-Q 7 #8 #k £ (2% [ Millipore 25 ) s LABOROTA-1000 1¢ ¥ % % { (f# [6 Heidolph 25 7)) s 2% ¥
BT L CoolSafe(F+3 Scanlaf AT .

16 PAHS Mix fRHE 25 RS 5 359 J T 80 o0 B 26 0F () 31 AR 0 3
AIF (@ EiFF(1,2,3-cd) B R H[a, h B K[ g  h, i 98 . WK E 4% 200 pg/ml (3E[H Accustandard 24 H]) 5
L i (HPLC 2, Merk 23 7)) s 5# P ; B CHPLC 2, Merck 2v A s Z 35U b 96 2 LGk £ (60~100 H, 11
LRERL AL TR E R 2 7)) s HLB /M (6 ml, 500 mg., Waters 2 7)) ; #8 47K (18. 2 MQ. cm, Milli-Q element
A10,Millipore) ,
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1.2 HEmAbIE

1.2.1 #R

DURR W RE i 22 B A5V UR T MR IS Pk S A JRFN 2% S5 D BF A0 8 0 4 P o o BB 4 e RO R i 10 @ T HL FE 9 TS
B 20 ml SN EE . P IETR ), 30°COK B A FE I 30 min, FVEWREIA 50 ml B0 L N 10 ml S N B
ARG IE BB T EOE D G IFPIRER IR . 4 000 r/min 8.0 10 min, bW AXG LT
30°CHERE = W4 2 1 ml, Jm 1 ml ZJEFrdAL
1.2.2 %4k

HLB(6 ml,500 mg) /MEMK YA 10 ml 4 H %E .10 ml FEA 10 ml Z NG A5 . b FE I [R] i 48 3
BRI S ml 0+ SFNEEL = DS ml S H e BRI - AR A B e I W T 3R a4 h L 35 C AR 0. 2 ml 72
HBA Inl EREFRHCHEEARAZE 1 mlad 0.2 pm BERRE AL 5 20 A (35 20 Hr .

F1 PAHs IR AWNERKERF

1.3 —%&&ﬁ*E %ijat’-%ﬁ# Table 1  Fluorescence wavelength program for PAHs detection
AR 1% 45 . Waters PAH 4354 (4. 6 mm X i ] W K % K
250 mm,5 pm) ;HEIE 30°C; i 1. 2 ml/min; #FFE & Time (min) Aex (nm) A (M)
20 pls W BhAH: A I B4k B A LG BREEVERL . 0~ 0 275 325
15.0 min,60%~100% B;15.1~25.0 min,100% B; 8.8 252 370
25.1~27.0 min,100% B~60%B;27.1~30.0 min, 10. 2 250 390
60% B, 12.1 280 460
L2 AR B A I D% K 229 nm, 5 252 G AG I £ 13.6 320 380
B 15.5 270 390
PR I 25 < SR AR 3 2 B 458 1 9 O A I 35 < A% 18.2 290 410
b BARSHOLE 1, 22.6 305 480

2 HR5R

2.1 ®EEERL

2.1.1  AshAm B eG4 AL

N T ARAT RS o> B ROR B B T -2 ORT KRR R S AR A &R LIRS R v WO R R
TSN AH B C LG % PAHSs (1 6 5 R OR BE B () EA T O AL 25 SRR B L G IK R im s AR . PAHs 43 BERUR B AF
{ER A5 BE BRI 8 20 75 i) PAH s £ B I Ji) 1 EL AT 852 2 o DR O A S 6 R B8 JBE e ML » 22 ik 6 /i e 2 T
SE T R WL 3 .
2.1.2 #wlakKema

oy B HEBE T S AN TT i 0 16 Fft PAHs 21 70 59 I i 280CR » e BRI s DR 9€ 0l 56 T2 652 553 T o 200 R i 5%
HIMG I 2% 23 At A L A 15 T2 53 19 92016 R BURE B SR A i 100~500 £ . BRI, AR 463X 15 A B AR 2¢ 6 16
o 1 WA ERF ] £ AN [R] 2 ) 400 P X 7 B 9 K A A A (3R 1D LSBT 15 o F AR W0 A i SRR I o B T T M o XS
FRAEAE (2010) 4RI JH 254 nm A 2SR 9 1< o (H 2 4 4k BHEAE 229 nm 4 K I 0 1 B 7 » BT AR 7 125 A
SE T M ORI P R 229 nm PR B 28 S T A OGRS MG I g ER IR XS 16 B H BR 2 23 #E AT 40 B (I8 1D L JF
FLUURS It 56 A B T HEBR T4

2.2 HRELAEFENHR

2.2.1 Ry EwLE
R HER PAHs B8 BT vk A AR G WO VA TR0 28 IR0 R I S R A6 IOk A8 L X S 07 TR R R IR
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For BORB R o 2 BB B RN FE R AR . AT R B A O T B R TR B O A T
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%\ U R FR I = 48 IR ) 4 SRR L 45 SR SR B L S DR IS L b ) 5 4 2 JBOK R s » BT A 0 Do ) (AR B 7
7026 LA L I HOPATHESCAF - 35 00 HC AL P b 2 3O (18T 2)
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a. 15 Fft H AR 9 6 0 B s b, 8 M 28 AM AR 229 nm AU PR s . E S AR 254 nm A6 I PR %
125 2 06 Ms 3. 08 4. %5 5. 3Fs 6. Bs 7.UEHE: 8. s 9. IR () B 10. s 11 AR (W3R 12, I QO BRI 13, I (O B 5
14, =3I [a. h I 15. FIE[g.h.ild8; 16, EiJf(1.2,3-cdiE
a. FL chromatogram of 15 PAHs; b. UV chromatogram on 229 nm of acenaphthylene; c. UV chromatogram on 254 nm of acenaphthylene
1. Naphthalene; 2. Acenaphthylene;3. Acenaphthene; 4. Fluorene;5. Phenanthrene; 6. Anthrancene; 7. Fluoranthene;8. Purene;
9. Benzo(a)anthrancene; 10. Chrysene; 11. Benzo(b) fluoranthene; 12. Benzo(k) fluoranthene; 13. Benzo(a) pyrene;
14. Dibenzo(a, h) anthrancene; 15. Benzo(g. h, i) perylene; 16. Indeno(1,2,3-cd) pyrene
K1 16 Fff PAHs B A bR @it
Fig. 1 Chromatogram of a mixture of 16 PAHs standards (100 ng/ml)
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13. K IH(

a) i

14, Z79F [a, hE; 150 F3F[g,h, 11365 16, HiJf(1,2,3-cd g
1. Naphthalene; 2. Acenaphthylene; 3. Acenaphthene;4. Fluorene;

5. Phenanthrene; 6. Anthrancene;7. Fluoranthene;8. Purene;

9. Benzo(a)anthrancene; 10. Chrysene; 11. Benzo(b) fluoranthene;

12. Benzo(k) fluoranthene; 13. Benzo(a) pyrene;

14. Dibenzo(a.h)anthrancene; 15. Benzo(g,h,i) perylene;

16. Indeno(1,2,3-cd) pyrene

2 3 B EUR Y R B R

Fig. 2 Extraction efficiency of the three extraction agents

2.3 ZMTEEMEHR

T il — 22 510 e B A B PO A oE T AE VR W 3% 1. 3 1 S R b A7 20 B » DA 45 4l 20 19 0 1T R (YD S DA B 5 45 4 0
B o R B (X0 M AR BR AT R RN E 48T . SRS AR I PAHs B3R, UE M EL S/NZ=3 Bl E &%
AWK PR 5 R 2, iR 2 nl UL, HARZL /745 B AR I vk B2 90 Tl P R v 06 R B4 1 O R 8 G B R AIR
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[8] 1 2 Recovery(%)

PAHs
10285 2,085 3,785 4. 255 5. 9E; 6. s 7.%¢ 8 8.1 9.
10. s 11 2K (W BB 12, K 9F (W E; 13, HIF (0T
14, =3 FF[a h & 15, #FF (e hoildEs 16, BiFF(1.2.3-cd
1. Naphthalene; 2. Acenaphthylene; 3. Acenaphthene;

I () B

4. Fluorene; 5. Phenanthrene; 6. Anthrancene;7. Fluoranthene;

8. Purene; 9. Benzo(a)anthrancene; 10. Chrysene;

11. Benzo(b) fluoranthene; 12. Benzo(k) fluoranthene;

13. Benzo(a) pyrene; 14. Dibenzo(a,h)anthrancene;

15. Benzo(g,h,D perylene; 16. Indeno(1,2,3-cd) pyrene

3
Fig. 3

HLB /N30 2 BURE + /N 9 [ i 2%
Recovery rate of 16 PAHs in different SPEs

M4 2007),

F2 16 7 PAHs & MESEE LA E EXRBIKHR
Table 2 Linear range, linear equation, correlation coefficient and determination limits of 16 PAHs
e Ligft;iif‘a[f]ge X it }Jﬁ . *H%/{ﬁ r- . Deternﬁfi:'ltlfn limit
PAHs (ng/ml) Linear equation Correlation coefficient Cng/ke)
%% Naphthalene 0. 5~1000 Y=2.0X10"X+1.65X10° 0.999 9 0.9
J& 4 Acenaphthylene 0.45~1000 Y=3.73X10°X+4.26X10° 0.999 9 3.6
j&  Acenaphthene 0.3~1000 Y=5.05X10*X+1.89X10* 0.999 9 2.2
% Fluorene 0.2~1000 Y=1.06xX10°X+1.62>X10* 0.999 9 0.9
3k Phenanthrene 0.4~1000 Y=3.22X10"X+5.63X10° 0.999 9 2.3
B Anthrancene 0.2~1000 Y=28.56X10"X+2.36X10* 0.999 9 2.1
P¢ B Fluoranthene 0.3~1000 Y=4,22X10"X+1.18X10° 0.999 3 1.9
£  Purene 0.1~1000 Y=2.22X10°X+5.03X10" 0.999 9 0.3
I (a) B Benzo(a)anthrancene 0.2~1000 Y=1.0X10°X+7.53X10* 0.999 9 0.6
iii  Chrysene 0.25~1000 Y=6.72X10*X+1.21X10° 0.999 9 0.7
#I (D)W Benzo(b) fluoranthene 0.3~1000 Y=4.47X10"X+1.87X10° 0.999 6 0.9
I (P E  Benzo(k) fluoranthene 0.1~1000 Y=3.97X10°X+1.61X10° 0.999 9 0.2
FIf () Benzo(a)pyrene 0.1~1000 Y=3.30X10°X-+1.14X10° 0.999 9 0.2
B (1.2,3 et Indeno(1,2,3 cd) pyrene 0. 2~1000 Y=1.31X10°X-+3. 58X 10" 0.999 9 0.9
—Z%Jf[a,h]BE  Dibenzo(a,h)anthrancene 0.3~1000 Y=7.50X10"X+1.69X10* 0.999 9 1.5
H3[e.heildE  Benzo(g.h.i)perylene 0. 35~1000 Y=3.31X10'X+1. 61X 10° 0.999 9 4.9




bt B WA OBORH (-9 it /58 A BB IR 2 A TR P 16 Bl 2 B 0T R 109

2.4 RBERHBE

TESLPRULRMI RS RN 5 pe/ke A1 10 pg/kg MIADMHREER) 16 A PAHs B IR G AR 70 45 VR B2 A8 6
ASPATRE i o 2 AR T 10 HE AT VA R RIORS 25 BE SL AR BT R WL 3R 3. 16 b PAHSs (97 2 [ 3 72,600 ~

117 0 Z 18], AH X AR A 22 349/ T 1000 R e e . bR B2 10 g/ kg BORE S G35 I TN 4 FTR
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fi} (8] Time(min) fi} (8] Time(min)
a. JBRFE G926 @35 s b, IBRFE S 50 635 5 ¢ 25 FRE R POL 6% 5 d. 28 FRE S 58 40 (3%
1,255 2.5 Ms 3. )8 4. %5 5.3F; 6. B0 7.9¢ B0 8.t 9. A (a) B 10, i 5 11, IR (P80 12, I (k)9 B ;

13, %3 (i 14, Z 4 [a, h] s 15, % IF[g h.ildE; 16, HiIF(1.2,3-cd) &

a.

C.

FL chromatogram of blank sample;

FL chromatogram of spiked sample; b. UV chromatogram of spiked sample;

d. UV chromatogram of blank sample.

1. Naphthalene; 2. Acenaphthylene; 3. Acenaphthene;4. Fluorene;5. Phenanthrene; 6. Anthrancene;7. Fluoranthene;8. Purene;

9. Benzo(a)anthrancene; 10, Chrysene; 11, Benzo(b) fluoranthene; 12. Benzo(k) fluoranthene; 13. Benzo(a) pyrene;

14. Dibenzo(a,h)anthrancene; 15. Benzo(g,h,i) perylene; 16. Indeno(1,2,3-cd) pyrene
B4 AR 10 pg/ke #5635
Fig. 4 Chromatogram of a spiked 10 pg/kg sample
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Table 3 Recovery and relative standard deviation of spiked samples (n=6)
S TR) S hn v BE %) [ i 3R Recovery rate at different concentrations
LRI Baijit{ind ek - ek -
PAHS W ECE R LW EECE R
Content Recovery Wi 22 Content Recovery WA 2=
(pg/kg) rate (%) RSD (%) (pg/kg) rate (%) RSD (%)
% Naphthalene 9.20 14. 60 108 8.1 20.70 115 8.3
J&#s  Acenaphthylene — 4.01 80. 2 7.4 7.45 74.5 6.2
j& Acenaphthene — 4.45 88.9 8.5 8. 89 88.9 8.5
%5 Fluorene 2.54 8. 39 117 9.1 12. 24 97.0 8.7
3E Phenanthrene 1.27 6.47 104 8.9 13.17 119 9.7
B Anthrancene 3.28 7.24 79.2 7.6 11.19 79.1 .6
¢ Fluoranthene — 5.75 115 9.1 9. 37 93.7 9.
& Purene 0.48 5. 35 97.3 .5 8. 60 81.2 9.3
#3f (a) B Benzo(a)anthrancene — 3.72 74.3 7.9 7.92 79.2 8.7
jii Chrysene 4.02 .04 80. 3 .2 12.58 85. 6 7.8
A (D)% Benzo(b) fluoranthene 1.42 6. 25 96. 5 9.2 9. 64 82.2 8.4
FIf ()¢ B Benzo(k) fluoranthene — 4.57 91.3 8.7 9.65 96. 5 7.2
HK I () Benzo(a)pyrene — 3. 89 77.8 8.1 8. 86 88. 6 8.5
EiJf(1.2,3-cd) ¥ Indeno(1,2,3-cd) pyrene - 3.63 72.6 7.7 7.82 78.2 8.2
Z%3f[a,h]# Dibenzo(a,h)anthrancene 0. 86 5.18 86.5 8.4 8. 14 72.8 7.3
#I[g.h,i]Jdt Benzo(g,h,i)perylene - 3.74 74.7 7.3 7.73 77.3 7.1
AR L&
Note: Values are in dry weight
F4 KERWFEHMEXEFENAYHERPESHFTENEE (ne/ke
Table 4 Contents of PAHs in marine sediments collected from Dalian and Yantai (pg/kg)
3% iF 3, Dalian Sea Ml 6 ¥ 5, Yantai Sea
ZHI5IE
PAHs R 1 FEh 2 i3 a1 Hedh 2 e 3
Sample 1 Sample 2 Sample 3 Sample 1 Sample 2 Sample 3
%% Naphthalene 2.3 2.7 1.9 3.4 2.6 3.1
Ju s Acenaphthylene — — — — — —
j& Acenaphthene — — — — 4.1 3.8
2 Fluorene 1.2 — 0.97 — — 1.32
4E Phenanthrene 4.3 5.1 3.4 6.5 - -
B Anthrancene — — — — 5.7 —
¢ B Fluoranthene — — 2.1 — 2.3 —
t¢ Purene — 0.72 — 0.57 — 0.54
Z#3f (a) B Benzo(a)anthrancene 0.73 — 0.65 0.61 — —
Jii Chrysene 3.2 — 4.7 — 3.5 —
FIF (b))% B Benzo(b) fluoranthene — 1.2 — — 1.7 —
I (P& E  Benzo(k) fluoranthene 0.43 — 0.62 0.54 — 0.97
I ()P Benzo(a)pyrene — 0.33 — 0. 64 0.96
Bif(1,2,3-cd) ¢ Indeno(1,2,3-cd) pyrene — — — — — —
— % JIf[a,h]B Dibenzo(a,h)anthrancene — 1.4 1.7 1.6 — 2.1

ﬂﬁﬁ[g,h,i]?’ﬁ

Benzo(g.h,1i) perylene

T — 7378 PAHs TERF i 9 & 1A% T 46 10 IR

“

Note:

—7” means the contents of PAHs were all below the LOD
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