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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are the most widespread organic pollutants in estuarine
environment. Existing research on the environmental geochemistry of PAHs mostly focuses on a few priority
controlled PAHs, which has significant limitations and uncertainties in understanding their environmental
behavior and ecological risks. To comprehensively explore the occurrence characteristics of polycyclic aromatic
compounds in estuarine environment in China, this study takes surface sediments of the three typical estuarine
including Huanghe Estuary, Changjiang Estuary and Zhujiang Estuary as examples to establish a monitoring list
of 81 PAHs and their derivatives (including 20 unsubstituted parent PAHs, 11 oxygen-containing PAHs, 9
oxygen-heterocyclic PAHs, 3 sulfur-heterocyclic PAHs and 38 alkylated PAHs) by using of two-dimensional
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gas chromatograph coupled with time-of-flight mass spectrometry. The results show that 38 alkylated PAHs are
the most important components in the three estuarine sediments, The average proportion in the list of 81 PAHs
exceeds 50%, but the proportion of 16 priority controlled PAHs is only about 10% on average. Although there
was no statistically significant difference in the total content of PAHs and their derivatives among the three
estuaries, the correlation between the different types of PAHs and their derivatives was inconsistent, which may
indicate the different characteristics of PAH sources and sedimentary in the three estuaries. The results of
ecological risk assessment using 81 PAHs as a list are about 4 times higher than those of 16 priority controlled
PAHs, which means that it is necessary to expand the monitoring list of PAHs and their derivatives for
ecological risk assessment. This research approach helps to correctly assess the ecological risk of aromatic
organic pollutants in sediments or other aquatic environments.
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Tab.l Information table of sampling stations for surface sediments in three major estuaries

B i BRI
WA &HE(CE) i (°N) WA &HE(CE) 4 (°N) SRR 2% (°E) i (°N)
Hl 118.97 39.00 c1 122.00 31.05 Z1 113.77 2225
H2 118.97 38.67 c2 12225 32.00 72 113.60 22.06
H3 119.00 38.32 C3 12225 31.75 73 113.78 21.89
H4 119.40 38.03 c4 12225 31.50 74 114.03 22.07
H5 119.75 38.01 C5 12225 31.25 z5 113.43 21.73
H6 120.12 37.99 c6 12225 31.00 Z6 113.76 21.73
H7 119.16 38.47 c7 12225 30.75 z7 114.03 21.84
HS 119.44 38.32 c8 12225 30.50 78 11428 21.98

1.2 Ui PAHs A ALEEHL

R TS TR R S 2R BR BB AT S
FIH 100 H (RF 150 pom) 5 557 o 08 o 1B FR
5.0 g BEfL S 5.0 g ilEdE HIRAT, A R _FAKRUOR:
WAL RS . TOKBREREN . DR /RE B TR A RE A
BT 34 mL ZE B0, B A 2E 3R € EXTREVA
ASE 4 [ Bl R 75 590 6 TRURE S vk 4 AN A 7 05 7
AT AL BRI, W4 e 75 . AEBUAR M AL
R B B R 100 °C, SR A A bR A
A (vev=1: 1)L 1 mL/min 3 %58 i3 2%
L, 4 LL 10 mL/min 59 5 46 &< (99.999% ) it
T BhAE B, ZEHCT 8] 4 20 min, 28 & 551 7%
KARFE R 40 °C, ZE L E T30 6 psi, HIETE E A

3R 50 mL/min, 22 &I IE 45 R A% A 1.6 mL 1F
Lt A S U2 RN RE, DA E AR 04 1T i
R, RBOE AR 0.4 mL,
1.3 GCxGC-TOFMS 735 %54 b 3t

G TSR AT RATRT R (GCXGC-
TOFMS) i H shilkE#5 (Agilent 7693ALS, Agilent) |
M 53 A ( Agilent 7890A, Agilent) . I i %%
(KT-2001, ZOEX) 1 & 17 Hf 8] 5 3% 1% ( Pegasus
4D, LECO) #H . GCxGC S AH &M — 4k (1 33%
FE4 30 mx0.25 mm=0.25 pm A4 Rxi-5SiMs #E, £
B — 4 475 4 4 1.8 mx0.15 mmx0.15 um AY
Rxi-17SiMs #1, AN R i A<, W H k1.2
mL/min, AL 1 L, Ao ERE, AR IR
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A 250 C, 4B iR #MERLEE A 5 °C, P R AR
PR 15 °C, BRI 2R N 300 °C. GC ¥R
TEEEH 60 °C, 4443 1 min, LA 6 °C/min FHE%E] 300 °C,
P#4F 20 min, GCxGC I il I I BE B A 5 s, P
FINVA I I 6] 3 3% B M 1 s B 1.5 s, TOFMS Ji
T4 VE R SER B[] 10 min, HLESRERE N 70 eV,
R 2% B8 8 1475 V, B FIRIREE A 250 C, 1%
F 2R 250 Co RSB AR LB,
Ji 2 1 3 LA 50 ~ 600 u, SR 4R %k 4 B
100 5K 3%
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PAHs " #5 1 fi 3 1 — Fl 41 43, HL A 5% 10 200
PR B & R 1 BaP 48R0 ( BaPE) R ) J2-
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BEIE 1 ik e o0 LR T PAHSs B INBRSESE, 45
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i ( C;BaA&Chry) . — H it 28 Jf [a] B &Ji
(C,BaA&Chry) . HEEGE(C Pery) o

o a0 &

Anthrone 9,10- Amhracenedlone 1(2H)-Acenaphthylenone
AR 1 il
CAS: 90-44-8 CAS 84 65 1 CAS: 2235-15-6
433 CH 0 4§30 CLH0, 5372 CLHO

43%: Oxy-PAHs

1-Naphthalenol

432: Oxy-PAHs /32&: Oxy-PAHs

o

1,2-Naphthalenedione

Y

2-Naphthalenol

1- 25 2-Z5 M} 1,2-Z5
CAS: 90-15-3 CAS: 135-19-3 CAS: 524-42-5
4 Ft: €, HO 43 ¥ €, HO 2T CHO,

432&: Oxy-PAHs

Dibenzofuran

432&: Oxy-PAHs

N

Benzofuran

/32%: Oxy-PAHs

CO

Benzofuran,2,3-dihydro-

Ik Ik 2,3- AT FIKI
CAS: 92-83-1 CAS: 271-89-6 CAS: 496-16-2
o313 CsH0 43 CHO 53 F: CHO
432: PAOH 43%%: PAOH 4335 PAOH
o / s
o
/ CE)
Benzofuran,7-methyl- Benzofuran,4,7-dimethyl- Benzo[b]thiophene
7- WG P 4,7-— BTk ESi )
CAS: 17059-52-8 CAS: 28715-26-6 CAS: 95-15-8
47 GH,O 4373 CooHyO 5 F R CHS
412&: PAOH 432&: PAOH 4325 PAOH
& 1
Fig. 1

derivatives
2 #ERE5WMR

2.1 =R LR HOR [R]2
E Y/l i

P FE B O, KT O MERYT 1 R R DU
th 81 Ff PAHs MG &5 (Ye TPAHs) 43514 576 ~
4543 ng/g( T H ) . 2167 ~ 10061 ng/g Il 471 ~

# PAHs Mz HAT

seelifses

1(3H)-Isobenzofuranone

16 Fl O % PAHs F1 4 B A& 9 BU/C A9 PAHS,
lliFﬁFiL%PAHs 9 Fh & A 4< 25 PAHs 1 3 Fp &
Z= ¥ PAHs B’J*T(ﬁunfm..»iL(ﬁ%qj 245
o 16 22 %e 34k PAHs A AR HE i 40 3 A 2,3-—
Eﬁ%—lH-En\ 4-HREOR | AR . - R 1,2-
TR 1,4,5-?@3%%\ 1-F e 2 | 1-H 3
B L-H 3R 2-F 3RS B - EEE | - R

I (] B 1L,12- R I [e] JE . 1-HT I
[a] B & . 7,12- H B0 [a] Bl & . 1-H 2L

A8, H A TC bR HE 19 %t Bk L PAHS [F] & ) LLix

16 F Sy ki E &,

Indanone 9H-Fluoren-9-one Benzophenone
oiif 9-7)jfiil TR

CAS: 578-95-0 CAS: 486-25-9 CAS: 119-61-9

43 C3HNO ZF: C3H0 73 C3H,0

41%: Oxy-PAHs 412%: Oxy-PAHs 432&: Oxy-PAHs

o

O o

2H-1-Benzopyran-2-one

Xanthane

SN 2H-1- - Hg-2- ] A
CAS: 87-41-2 CAS: 91-64-5 CAS: 92-83-1
43 F3: CHO, HF: CHO, 4 F: C3H,0

432%: Oxy-PAHs 432&: Oxy-PAHs 534 PAOH

Benzo[b]naphtho[1,2-d]furan

Benzo[b]naphtho[2,3-d]furan

o

1,3-Benzodioxole

L3-8 9F 8% HIF[OIZEH[1,2-d]k IR HRIF[bIZEIH[2,3-d]k IR

CAS: 274-09-9 CAS: 205-39-0 CAS: 243-42-5

4 F 3 CH0, 437 ClH, 0 ST CH 0
435 PAOH 4325 PAOH 4325 PAOH

S,

o

Dibenzothiophene Benzo[b]thiophene, 6-methyl-
e i [SUIE= Sty
CAS: 132-65-0 CAS: 132-65-0
533 CLH,S 5 ¥ CH,S
4325 PAOH 43%%: PAOH

E/ER PAHs TTEMMERR PRI B CAS S S FRARENLF

Structural formulas, names, CAS numbers, molecular formula and classification of oxygen- and sulfur- contained PAH

7727 ng/g, F ¥ & 5 4 B R (2251£1527) ng/g.
(4710+2880) ng/g Fl (2212+2775) ng/g(E 2) .

=R HRJZVORRY 2 8012 R 16 Fhk
2 PAHs V34 5535124 (3004266 ) ng/g. (463+
412) ng/g F(236+259) ng/g, HAEAMF 53 8T (1)
81 Flt PAHs ¥ 5 (172 5 LA 11%4+3%.
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55 SR H A 3 ) O E, 3R E = KA 16 A
HE#= PAHs & & & T W 5t Oyapock 1] 1 (<~
{4 37.9 ng/e) ™, 5 2 KA Olbia its 1 (P-4
3350 ng/g) " HAE, A T F] Lenga 307 11
I8 R 2025 ng/g) ™. 5 15 50 BF 9% 25 5 4

Fb, #9016 Fhf #5 PAHs & & 0% 5= T 2011
S CF-H(E 179 ng/g) B, KIT Oy PAHs 7 5
BT 2015 4E B R 131 ng/g) BT, Bk 0
PAHs &% & 5 2019 48 (3F #5 {4 4 200 ng/g)
M

F2 ZKAORENFPHAEZLE PAHs R EMER
Tab.2 Concentrations (ng/g) and compositions (%) of different types of PAHs in three estuaries of China
P A Kt b7 uN|
W PE PREAMRE 2 L il P E AR 2 VR P PRIEAR 2
> 1PAHs 77~885 199  300+266 123~1135 249 463412 52~759 116 236+259
>,0PAHs 79~916 217 3234275 141~1552 366  625+524 103~1037 162 3424376
3,,0xy-PAHs  12~608 41 127+199 56~439 165  191£119 2~590 18 99+202
Fritng g Y 9PAOH 179~916 300 467316 493 ~2145 1101  1210+564 47~2433 125 4704820
2;PASH 1~54 13 18£19 14~944 28 168+319 4~73 35 33423
YasAlkyl-PAHs 306 ~2936 1069 13154871 693 ~7275 1505 2516+2237  278~3759 543  1267+1494
Y5 TPAHs 576 ~4543 1611 2251£1527 2167 ~10061 3974 47102880 471 ~7727 858 221242775
YiPAHs 9% ~21% 12%  9%=3% 5%~13% 8%  13%+3% 9%~17% 13%  13%=3%
Y20PAHs  11%~21% 14%  12%+3% T%~17%  12%  14%+4% 13%~22% 19%  18%+4%
3,10xy-PAHs 2%~ 14% 39 5%+4% 2%~11% 3%  4%3% 0% ~8% 2% 3%+2%
AR LG 51/ %)
YoPAOH  14%~31% 21%  31%+5% 10% ~55% 24%  22%16% 8% ~31% 14%  16%+8%
> PASH 0%~1% 1%  4%+0% 0% ~24% 1% 1%+8% 1% ~5% 2% 3%+2%
Y3sAlkyl-PAHs 42% ~70% 63%  48%+9% 32%~T72% 46%  60%+15%  47%~69% 61%  61%+7%

552Kk 9 WO 1y B 1R PAHSs( 16 B gk 20 Ff
PAHs) . 2 PAHs, & %% PAHs LK & i 4k
& PAHs AH b, #09] | VT H AR 1 R )2 DT
W be 34k PAHSs J& 81 Fl PAHs " 35 AY
Aoy, Hotr w3500 306 ~ 2936(1315+871) ng/g.
693 ~ 7275(25164+2237)ng/g F1 278 ~ 3759( 1267+
1494)ng/g, V34 5 b 73 3R 48%+9%. 60%+15%
F61%+7% (3% 2), 3X ] g S K oy = ) 1 X 5
W AR B, SR HEBOR A A BRI B AR T
KB PAHS®Y, Hirp, —H 2R R gt
fk PAHs & i i LG ). & %4238 PAHSs
JE KA AR PAHS iR FE R Sy, HA
4510 179 ~ 916(467+316) ng/g. 493 ~ 2145
(1210+£564) ng/g il 47 ~ 2433(470+820) ng/g, “F-
P15 H 2 518 31%+5%., 22%+16% Fl 16%+8%,
RS PAHs Th R R IR 4,7- ORI
e, BRI R 224 45 R, KT RZ 0T
U e fk PAHs F5 A 2938 PAHSs 1Y 7

Fb il 34 3 2 e T LA 3 O (p<0.01) o X 3R
B, VB BT b & R B f e . AW T Bl B A
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Fig.2 PAH concentrations in the different stations of three

estuaries of China
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Tab.3 Spearman correlations of different types of PAHs in three estuaries of China
SRAEUH L [ R=g/E3i] 3 1PAHs 30PAHs 31,0xy-PAHs S yPAOH >PASH

Y20PAHs 1.00%* B
3,10xy-PAHs 0.98%** 0.98%* -
A > 9PAOH 0.91%* 0.91%* 0.93** -
>3PASH 0.99%* 0.99%* 0.97** 0.90** -

>3gAlkyl-PAHs 0.93%* 0.93%** 0.91%* 0.83* 0.92%%*
220PAHs 0.91%* -
2110xy-PAHs 0.21 0.12 B
KILH > 9PAOH 0.02 0.00 0.91** -
>3PASH 0.52 0.62 0.29 0.19 -

> 3gAlkyl-PAHs 1.00%* 0.91%* 0.21 0.02 0.52

> 20PAHs 0.93%* -
2110xy-PAHs 0.60 0.78* -
7SANE| > 9PAOH 0.79* 0.91%* 0.90** -
>3PASH 0.91%* 0.83* 0.43 0.60 -

>33Alkyl-PAHs 0.91%* 0.93%* 0.79* 0.88%* 0.76*

HE: ** p<0.01, * p<0.05
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Tab.4 BaP toxic equivalent concentrations of different types of PAHs in surface sediments of three major estuaries (ng/g)
pres; KILH 7Sann|
[iasy? Sl
WH dE CFSER 2 L e PR 2 Bl M PIE M2

2.1sPAHs 1.0~21.1 68 9.0£6.0 1.7~448 59 14.3+13.2 2.1~269 41 9.2+8.8
Y20PAHs 1.7~285 122 14.4+7.8 28~69.8 107 22.4+18.5 27~473 71 16.3£15.4

> 110xy-PAHs 0.1 ~4.1 0.5 1.1£1.0 0.7~4.0 1.2 1.5+0.6 0~6.7 0.2 1.1+£1.4
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>3gAlkyl-PAHs 1.5~419 121 18.0+12.7 5.8~139.0 2238 43.5+34.8 3.7~724 71 22.0+24.2
Y5/ TPAHs 35~70.0 260 3544226 10.6~2188 367  71.2455.3 6.8~1232 152  40.2+41.0
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