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Spatial and temporal characteristics of PAHs in the eight main
entrances of Pearl River Estuary
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Abstract In February, April, August, and October 2019, seawater samples were collected from the
eight entrances of the Pearl River Estuary. Gas chromatography was used to quantitatively analyze 10
polycyclic aromatic hydrocarbons(PAHs) (naphthalene, acenaphthene, acenaphthylene, fluorene,

phenanthrene, anthracene, fluoranthene, pyrene, benzoanthracene, chrysene ). The detection rate of
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PAHs is high, indicating that PAHs are widespread in the water body of the eight entrances. In terms
of spatial distribution, the content of PAHs in the waters of Jiti men and Hu men was relatively high,
Jiao men, Modao men, Hutiao men, and Ya men were in the middle, and Hongqi men and Heng men
were relatively few. The concentration of PAHs in the surface water of the eight gates ranged from
ND—27260.00 ng-L ", and the maximum value appeared in the water sample of Hutiao men in April.
The concentration range of PAHs in bottom water was ND—31175.00 ng'L™', and the maximum
value appeared in the Jiti men water sample in October. In terms of time distribution, from the
perspective of time distribution, the average value of PAHs content in the surface and bottom
seawater of each entry shows the smallest feature in August, which is due to the large rainfall in
August, the increase of rainwater erosion and runoff, and the dilution of pollutants in the estuary area
to a certain extent. From the source point of view, the sources of PAHs in seawater are mainly traffic,
coal tar refining, wood combustion, incomplete combustion of oil, coal combustion, and oil leakage
mixed pollution of fossil fuel combustion and processing. It is of great significance to study the
pollution of polycyclic aromatic hydrocarbons in the water body of the eight entrances of the Pearl
River Estuary for the protection and treatment of the ecological environment in the Pearl River Delta.

Keywords Pearl River Estuary, eight main entrances, Into the sea, PAHs, time-space

distribution.

Bl Tolb b & | Sl Ak e o, BRI 22 10 5 45 & . MERE A LTS Y i R B S 8 .
P T G i LA 28 S ) R, AR IR S AR AR D e AR AE R, [T, 336 Y5 L g ml 3 ok R TR
Hi AR I A A KARD), P EOK PR EETS YL 0 B 25 I, - iF— 20l B s A YA R E Y 2
A B AN A AR BRI 7 A T T ) B TR . RS S, R AR BILTS Y W S e KT S b X Y
Tl Ak K J 2K S L P2 Ll 235 40 52 B IE AR 56 A0 56 2R ) I B Tl XN, R 2 85l A PRI A 4, L
BRBEHERC V5 Ye Pyl i KA TR TR SR R B85, SN H X FKE SR . A3
SR, H P 23958 (polycyclic aromatic hydrocarbons, PAHs) 75 4L 45 Jy 7™ 5, ¥k J& 315 il 35 5|
1.56—4.60 mg-kg ', MARTREEIAS] 0—2 m®. H PRFR) 15 L IX B, 23005 18 & a i, FolAnf 8ux
A 1277.7 A5 ZERRK pp R S AR AR R, B P9 G AT . T A AR O BN IR R B A RE A
P WL Y5 G, 50 b DX O AF A6 08 A0 7™ F AR A 0L R, SRR PEAS K SR 85 P B AR 1A L
15 YL 75 Y B IRV, Sl A DG T Yl 4 ol 15 it v E ).

PAHs J&— & 2 UL ERIR 005 B b G W, Bl H PR A= i &2 2446 & W 0% A FR1Y. PAHSs
PR R A A VLG e, Hp 28 g —EUE. 5. JF. B 9EL. BB RO [a] B B RIE
[b] 7 B0, AT [K] 2, K01 [a] 6. BiIFEE . R IR B0 R I 2 95 [ IR AR 3 B Pt e 1 o 1 75 e
Y, BT 8oy | 806 . SR AON, TR B EE KRR BRI TG, M ARSI A RN
PR R 1 U R e 12 5L PAHs W28 . JEM . 25 FE. B 9CHL B ROF R R SRR R R
Hom o . MERERR TS e 2 PAHSs 5945 R T A SR O, B T RA RN, @ik, i
MR, PAHs W5 fEAE IR I 4, IRl A= W ORS00 MR | e R 5 R et o,
A WFFEUE B 1 PAHS RT3 3 Lo P A 58 AR G, B AR ) Rl 45 Xo A 2K fele BR 7= A A R I

T =MAMERELFRAAMX Z—, BT AOEEKR. Wil #E. Tk &k, G sh
IS TR, BRYTE R BR = M AR TS V5 K A ) R B, BRSO T AR R TS Y i R 2
SO BRI SR ERYT AT 0, TR s W, AR T, Ar SR FET L RN MR T BT T (R
FI) L BEJTT XSmETT FEBET AR T (VDU ] ) BRYT T N K F SR i RS e ) 1 e I S A R
I, BRI RIS e 22— 250 EW) | A2t WP R, SR & /AR T T A, 45 1T 18915 Y e
LR I B ) 25 TR VL 1 AT TR S8 7K B U, DR b, 2 DX ) K B e 4 m) BB A 5 | Ak e JEE A, AR T
H AT, EFERIL O K DT TR R APER BT Y S HAH IR [ B A 55 415 8% 45 R A B

MU, AR REE 10 FhOE45 PAHs (25, 08 . el 25, 4B Bl 2C B0, 6. RIF B &) b HARis 4L
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Yy, B 7EFW] PAHSs BTG5 e KPR 28 734155 23 Hr He 32 BRI A4S AR Z8 UK, LUBI D BRI 0 /R
[ ISR A AT HLAD TS G ) | AR 2 XS % RN BRI D3 9 2 Jr i (A5 S48, S RV = AR i K B I
14 P2 e AR IERL 2 KO

1 MBS 7 (Materials and methods)

1.1 FEECREE

2019 4FEXFERIT LN K O T KOK B 25548 (25, 08, e, 25, 35, B, 2080, BB 28008 a)
SRR ILEAT 4 WA, A IE 2 L 4 AL 8 JT A 10 BEAT. b, 28T MEEEIT L REN DL BEUI0] . A
1. PRI 32 T A R A, ) AR | 58, MR K AR B 5 B 1 A ] DU 2 3 A P e, ]
F 2 R WUIR, T8 7K AR B B A L K BT i (5 A LB B8 SRR 3 SR 4R, KRR 5—15 m, 43 i R a3
JZ (BE/K T 0.5 m) AR 2 (FEZKJES 0.5 m) F i, A i SR A 42 ROl v W 000 91 ) 1) B2 SR E A 7090 A R 2
Jei LA 0.45pm JE AR U8, IR T 4°C ¥R, IR T 8. BAARR IR A s AL an 1 B,

QAT

Hutiao men

. B .
] e ™
o
- 0 o
g v ¥
- Qoo
o KAt s Sampling sites ;’
JiG Pl ] - 8.5(2019)039 %

B 1 REEu R ER
Fig.1 Location map of sampling sites in the Pearl River Estuary.

1.2 R bR

10 P Z B RbRIR (ZR L L JE M. 25 J3E . B 980 B RIF R e A b, ik ol JoK e
250 (NaySO,) , 43 H74li, 400 °C 4t 4 h, THR S TP RAE.
1.3 HEah AT A3

L 500 mL KRR S B, 15 mL & AR, A 3 W, W AT e A OR, 1 TG
IKBRBREAFE L BRK o3, AR 4 2 1 mL , FF AR EIE 317
1.4 BT

K PG AT H, -4 3046 I 28 19 S AH (0,33 ( Agilent 7890A) XiF 10 F PAHs #EA7 5 B /0 #F, (i 51480
HP-5 B4 (354 (30 m x 0.32 mm x 0.25 pm) ; 0N & 40R S To A (L 1.0 pL) ; R
ARG 0 25 T8 43 591 28 260 °C F1 290 °C, #IHA IR E 120 °C, 4 5E 2 min, A 10 °C-min™ F} 3] 280 °C, 18 i&
15 min, #: {7 E /7 10.0 Psi, ZH#E 1.97 mL-min .
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2 ZEE 54718 (Results and discussion)

2.1 JNRHETTAENFRE R JRJZMEK PAHs B8 5701
ARYMFFER BRI N H T T AF DU RESR | JRJREK PAHSs (95 A5 1 4, 2551 &l 2 i,

r == Feb 40000 -, = Feb

(a) = Apr (b) = Apr

40000 ANNN Aug r ANNN Aug
wza Oct wzz Oct

30000
30000

20000
20000

Congentration/(ng-L™")
Concentration/(ng-L™")

10000 10000

B2 HTH/AKRATT2ENEER (). K (b))JZ1EK PAHs B)450 10
Fig.2 PAHs Concentrations in surface water (a) and bottom water (b) of Pearl River Estuary.

BRYT TR F1 ] A 4F DY 25 3 3R J2 1 /KK T PAHS &5 5 1920 i B AE, ILE 2(a). AR 2 i LU H, A
R F, 4 01132 K PAHs %3 97 A8 . N R )2 WK PAHsSSE R F, 2 A 6y, BT
(15200.00 ng'L™")>#£17] (15195.00 ng-L™") >2 #k '] (12900.00 ng-L™") >} '] (12400.00 ng-L™") >X4 i ']
(112135.00 ng'L™") > JJ '] (9460.00 ng-L™"), #t & '] A1 K& ] PAHs gy AR K 5 4 H iy, R Bk ]
(27260.00 ng-L™") >X% W [7] (25200.00 ng-L™") >& ] (22740.00 ng-L™") > ] (19075.00 ng-L™") >4 ']
(14090.00 ng-L ™) >t #7177 (13415.00 ng-L™")>£E[7(11005.00 ng-L™") > 71 1(9215.00 ng-L™); 8 A, %
E T3 Rk s 10 A 6, 7817(27005.00 ng- L) >3 K 17 (17355.00 ng-L™") > 71 17(12185.00 ng'L™)
>HEBEIT(11780.00 ng- L") > 7(11455.00 ng-L ™) > 7(11330.00 ng'L ") >#E7(9235.00 ng'L "), Jt4F
WPSEN A

BRYT TR F1 ] 4 4F DU 25 )3 S )2V /KUK I PAHSs &5 B0 A ERAE, WLIET 2(b). AAIEI 2 AT LA H, A
ORFE, Bt ari], 2 DT 2 #E K PAHs 5 i 9k 1. IS 2 K PAHs “FHMEKRE, 2 4y, 1E17]
(16660.00 ng-L™") >X4 K5 |7 (14685.00 ng-L ™) >FEHk T (10295.00 ng-L ™) > JJ[1(9010.00 ng-L™") > ]
(7645.00 ng'L™"), B4 LT TH 0 KA H s 4 4y, FEBkI](21230.00 ng' L) >/ J1171(19145.00 ng'L™)
>1# 1] (16445.00 ng'L ™) > 1] (13750.00 ng-L™")># ] (11685.00 ng-L™")>EE ] (7375.00 ng-L™") >3 i ]
(7350.00 ng-L™"), L& 17T ARG 5 8 A 4y, $517(4850.00 ng- L), H& 4 111 R4 10 A4, 38
WE11(31175.00 ng-L™)>EE[1(17070.00 ng-L™")>FZ[1(14090.00 ng-L™)>FZBkI1(12400.00 ng- L"), HE 4
F B AR .

WA 534 B, 4 117 PAHs & & 2 B A0 3RS /0 R B, oh 36 2 w5 T Jie 2 AR B8 IR 2 i
T2 ERE. BF5E R, KA TR IR IME S A KRR Z PAHs & & KR T2 mfd £, midk
YLK PAHSs 197 it b 322K i, 3 38 B0 R ORI RR A SB0RE 1Y) P8 TV 0L 4% 11 1146 J2 7K PAHS 1Y
W B2 9 [l ND—27260.00 ng L', e KAE HBAE PR BT T 4 H /KA. % BT TRJZ7K PAHS (199K B 7 Fl
i ND—31175.00 ng-L™", e RAE H BUAEXG WG [T 10 A4y /KFE. d L 1 T LUE Y, PRk ] IX g0l E &2 44, 7
IR R B, W 58, [RDIsE 4 1 £ WLk A =R oK 38, B K B 3% 22 7T R 45 K M4y ok B 22 0 RATTRE,
ZRFACER I, FHOY R R Z KR PAHs & 55 . X W 1AL T BRI K R B8R Ui X 8, [A] A
10 J 53 i#E ARG K 39, W K o) B b 22 428 S AR V20, B0 ] S B 7K /R PAHs 7 i35 7RI 2 7K
PRBE 3 B AR SRR TR, DR AT T Ab PAHSs 55 B LT R IR B g, LV B B A
1 3B ) 388 o v ek /. — BB E I AR 1T, Tk 2 R M X ik B AN HEYS 114575 YL IR A TR K R PAHS Yk
JEE . BC ORI A AT AN TTANAE T, PAHSs 43 A AT 2% 2 5 1 I J2 AR A H I RRAE, 3156 B 2% DX 35,



3 FRAEFESE: BRYL O /UK O 1] PAHSs B 25 20 7 FF1E 867

PAHSs 734 22 A MBS LA, TR T T7E 8 ) I EL A5 i J2 i3 T 6 2R A H B RRAIE, e T T A7 e i
MG, a4 AEETINT. 10 HXSHETTHY PAHS 4345 100 62 B 5k sy 1 3R 2, L R 3 02 52 i o ) 52 il
PAHs 3 i3 P 17 A F [l 2Kk A .
22 ZEAACRHE

PRV AR AT T 24E U ZR RS | IR 2K PAHSs B A0 M 245 B 0L 3. F21145 H )y PAHs & &
54k . 10 H (20547.50 ng-L™")>4 H (18245.00 ng-L™)>2 H (14530.00 ng'L™"), 8 H AR H; #11:4 A
(15380.00 ng-L™")>2 H (7597.50 ng-L™")>10 H (4617.50 ng'L™"), 8 H KK H; #A 1T 4 H M N
(6707.50 ng-L™"), e 4 H 3 A A& 1 #5011 4 A (15267.50 ng-L™")>10 H (5727.50 ng-L")>8 H
(2425.00ng-L™"),2 H ARKH; B2 ]: 4 A(14180.00 ng-L™")>2 H(9235.00 ng-L™")>10 H(6092.50ng-L™"),
8 H N ARH HY; WWETT: 10 J (24265.00 ng'L™")>4 H (16275.00 ng'L™")>2 H (13410.00 ng-L™), 8 A Jyk
K s BBk 4 H (24245.00 ng'L™)>10 J1 (12090.00 ng-L™")>2 J§ (11597.00 ng-L™"), 8 7 Jy K46 5 A
IJ: 10 H(14200.00 ng-L")>2 H (11422.50 ng-L")>4 H(9190.00 ng-L"), 8 H JARK: . M 4 IHZ 1Y
BIE KA, PAHs 731 b T — B FRE W LA, Hod 8 A B T A BAR S =i oh, HE& AT
PAHSs 7E I T 45335 3 S A 1S

30000 —
== Feb

— Apr
zz77 Aug
xax Oct

20000

10000

Concentration/(ng-L™!)
SIS S S S S S S
SIS S S S S s

B3 HRILH/AKAM&ZER, JKZEK PAHs “FHIE
Fig.3 Mean value of PAHs Concentrations in surface water and bottom water of Pearl River Estuary.

MBS 534 LA, 2 HTT3R K2 K PAHs & 8 P E B 2 I 8 A 5 i/ IMWRHIE, [ Al fg
JE 8 F RN K, W 7K i) B AR AR 3G K, X A 11 DX 3805 e g R A T — o R B A A R, RV
B 4 H A8 HANTHEKI, 2 AR 10 A AT K. bR 8 H 0 HA BT 1A A H & i fsh, e
"] PAHSs 7E I 03385 3k g ARG . AET] L HEay 1T BET] L BTN REKITTE I 4 H PAHs & IS T
2 AR 10 A4, INEL 1 AT LUE X 28 XS R & 2%, BRI RS, iz Tl AR Ay . A H
PRSI, W] BB A % DX IR R A IR AL 5 A, R S [ TR P Bt ] BB S E i RR  Hh
PAHSs PR E A KRR,
2.3 PAHs R IFE5Hr

AR AL R WoR, K R & PAHs AR E2 08, 25, AT, & IKJZH K PAHSs ki
THOLANER 1 iR,

ERYT N 10 38 K B P, 1982—2010 4F, BRVT LR 1 1 1772.43 J7 38 & 5594.09 T3, ik
T IX IR A R RN Tk AR ) 2 R P TV AR Y PAHSs SR IR 32 BALTE A LT AR Ak A AR
PR I v YA L A T S B S B SRR VR AN SR AR b i R DA R AR R A A TRI RS PAHS >k H R[]
FIHERLIER, 2—3 3£ PAHs FERIE T A1 H75 5, 4 38 PAHs £ ZORIE TR BREE, 5—6 38 PAHs EZk
IR T AL 4 R HE ™.

A AT LA (LR 1), Bl A X 3t K v 2 (IR ER %k PAHS, Hirb 3 28 PAHs (i Fl125) il
4 35 PAHs (R0 & 5 m, MG /KPR Be o 1) 5 FRAT 6 381 PAHSs 16T JHAE AR Fp ok SR AIG. 222
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I TRINEL (4 25 AT ) PAHs ZE BRI T A1 Y5 9 S A . ARBSFAEAR P il JE A 4
PAHs F= 2R T AT 0B e i

MABEe, ml WLARIAEL PAHSs A= R IR L PR AR S 2, HAREA

K PAHS 1E7K H BT R B LU i BRSO B e, e BUKIA AP IR IR AL PAHS A6 HH R
R 1 FRILO/AUK O TEK PAHs [R5 ARK 55 (ng L)
Table 1 PAHs in eight main entrances of Pearl River Estuary

B, RIEL

PAHSAL K #I LA 1] I X TR Bl
Component of PAHs Hu Jiao Hongqi Heng Modao Jiti Hutiao Ya
men men men men men men men men
e 8430.00 11005.00 ND. ND. 9460.00 10005.00  12900.00  12965.00
Acenaphthene
2H & 3970.00 4195.00 ND. ND. ND. 2130.00 ND. 2235.00
Fluorene
—hh 3 4@:
IR ND. ND. ND. ND. ND. ND. ND. ND.
Benzanthracene
e 5490.00 5300.00 5350.00 2940.00 ND. 7020.00 6670.00 4430.00
Acenaphthene
4H & 5050.00 4730.00 4960.00 4850.00 2515.00 5730.00 5235.00 6575.00
Fluorene
P SiJ)
6000.00 9045.00 3105.00 6300.00 6700.00 12450.00  15355.00 ND.
Benzanthracene
xZ o
= ND. ND. ND. ND. ND. ND. ND. ND.
Acenaphthene
Vil
8H ND. ND. ND. ND. ND. ND. ND. ND.
Fluorene
IR ND. ND. ND. ND. ND. ND. ND. ND.
Benzanthracene
e 6280.00 4115.00 ND. 3690.00 4460.00 8620.00 4515.00 7675.00
Acenaphthene
104 & 4080.00 5120.00 ND. 3135.00 3945.00 4465.00 3720.00 3645.00
Fluorene
16645.00 ND. ND. 4630.00 3780.00 4270.00 3545.00 ND.
Benzanthracene
e 12895.00 ND. ND. ND. 9010.00 10805.00  10295.00 7645.00
Acenaphthene
2H & 3765.00 ND. ND. ND. ND. 3880.00 ND. ND.
Fluorene
—hh ) TE"?I':
IR ND. ND. ND. ND. ND. ND. ND. ND.
Benzanthracene
e 2505.00 6300.00 ND. 3365.00 ND. ND. 6150.00 ND.
Acenaphthene
il
47 2300.00 5385.00 ND. 5360.00 7790.00 ND. 4565.00 ND.
Fluorene
AR 8945.00 ND. ND. 7720.00 11355.00 7350.00 10515.00 7375.00
Benzanthracene
9= I
A
Acenaphthene ND. ND. ND. ND. ND. ND. ND. ND.
8H & ND. ND. ND. 4850.00 ND. ND. ND. ND.
Fluorene
b 31
IR ND. ND. ND. ND. ND. ND. ND. ND.
Benzanthracene
e 9740.00 ND. ND. ND. ND. 12770.00 5075.00 6760.00
Acenaphthene
104 7 4315.00 ND. ND. ND. ND. 9000.00 3480.00 5500.00
Fluorene
ND. ND. ND. ND. ND. 9310.00 3840.00 4810.00
Benzanthracene
ND., KA.

LA, IRV K F 1K v 2239097 e 32 BRI T A BORHIR
HREAE IR T B4R UE; TR B0 S R B WIAFAE AR PR BE B R U5 2 . T RO AG Hh DA AR AN S8 4
BABE . MR BE B 2 s TR 5 15 G 5 R YR DO [, i T s 3R 88 (5, 6 31 ) PAHSs LUARFF % (2—4 3F)
PAHs B2 5) 5 A AR ORI L, 3ok o m] e B0 Y] £ ¥ UK R rp 22 AR R4 PAHSEY,

He: T B H i B AT £ 22 1 A
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2.4 SEPNAERA B R XK T 223057 el S e BE A4 e A
[7i) ] N A [RJ9AT 11 R 2 7K R PAHs & BEAR L (L3 2), BRI /R 36 | IRJZ 1K PAHS % #F
BJMEAL T o S5 7K, WA T Q0T B RO V5 DX SR, BEE A A= 7 1 K Jig , Bl 95 e IR U AS W
A\ TR N T A AT ST SR W R R X R KR E sz B A M e is g, U R
X ERVL I 7K BT 75 G164 30] A S R K -5 K RAR ELAE RIS, R HES 1 B2 3 X, HAE S R 4S8
R FRI T, B BRI AR H 1K BRI PAHS B9S24 5 EA G T T EE FE L.
F2 SEN/KE PAHs W AL

Table 2 Comparison of species and concentrations of PAHs in the surface water of various estuary and coastal

X 15k WL/ (ng L) XA/ (ng L) E= BTN

Regional Concentration Mean value Reference
{KIT. 0 Yangtze Estuary 172.60—2441.20 — [32]
ZRYT.Dongjiang River 469.10—677.30 586.3 [33]
FA4EYT.Songhua River 1.23—92,899.00 9180.05 [34]
iL{ Liao River 55.65—5700.00 3498.86 [34]
i Hai River 31.70—401.25 104.78 [34]
#E Huai River 79.94—9050.00 2795.25 [34]
i Yellow River 4.98—6610.00 950.18 [34]
KA A4 fiMiddle Yangtze River 20.80—90.40 40.70 [35]
K i Taihu Lake 238.00—7422.00 1592.00 [36]
41 )119@H Y inchuan Wetland 818.69—2538.84 1623.14 [37]
ERIRUEEE Y ancheng Coastal Wetlands 227.00—884.00 479.0 [38]
IRk Haizhu Wetland, Guangdong 139.00—1134.00 — [39]
il Z 7 Liaodong Bay 106.80—468.10 367.4 [40]

#5 Bohai Bay 48.00—607.00 — [41 -42]
J§e M35 Jiaozhou Bay 23.60—86.20 — [43]
PHIYS Yangpu Bay 528.80—2208.30 — [44]
Kl 7 Daya Bay 4228.00—29,325.00 — [45]

ERYL IO /UK E11JEight main entrances of Pearl River Estuary ND—24,265.00 — EN G

3 %58 (Conclusion)

AR SCRFERIT. N K T 1145 2 BE M KOK AR PAHSs [ & b AT TR, 25 R, 4 O K 4R A2 3|
—EFEEE TG e fEAS B3 A6 b, & T PAHs & s 2 I BRI Z M4, /AR AT 132K PAHs
1) & B 15 [l > ND—27260.00 ng L™, fie KAE H BLAE kT 4 A 7K FE; IKJZ7K PAHSs 1) B30
ND—31175.00 ng-L™", fe KAH tH BLAEXG W [T 10 H 43 K HE . SRS A KR 4E R, XSG 1] pE 1] Bl K 4
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