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Seasonal distribution sources and in-situ partitioning of polycyclic aromatic
hydrocarbons in water and suspended particulate matters from the Pearl
River Delta
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Abstract: Watet samples were collected from the Pearl River and Dongjing River in April and September 2011. Spatial distribution partitioning and
source of PAHs in this area were examined. Total PAHs concentrations were higher in spring than in summer. Phytoplankton was one of the critical
components of organic carbon in the study area. Dissolved organic carbon ( DOC) particulate organic matter ( POC)  and chlorophyll a ( Chl a) were
critical factors on regulating the distribution of PAHs suggesting that the eutrophication degree can influence the biogeochemical processes of PAHs by
increasing phytoplankton biomass and the environmental behaviors and fate of PAHs. The organic carbon-normalized particle-water partitioning coefficients
(logK,, mLeg™") were significantly correlated to logK, for the samples collected in both spring and summer and their correlation slope was higher in

oc ow

summer than in spring possibly due to non-equilibrium sorption of PAHs. PAH isomer pair ratios and principal component analysis ( PCA) indicated that
main sources were petroleum combustion coal and biomass combustion in the study region. No significant seasonal differences were found in the source of
PAHs. This study provided a scientific basis for the control and ecological risk assessment of PAHs in the Pearl River Delta region.
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1 ( Introduction)
( PAHs) 5 N . ( Wang
a et al. 2008)
PAHs
.PAHs PAHs
PAHs
PAHs
( Cailleaud et al. PAHs PAHs .
2007; Lammel et al. 2009; Hafika et al. 2010) .
PAHs ;
PAHs
2 ( Materials and methods)
PAHs 2.1
( 2008) . 2011 4
PAHs 2011 9
( 0~0.5 m)
PAHs 10 L (
( Kp) . 200 mg- L") PAHs 500
: mL 1%
(2007) . a

Dongguan

1 (DI: » D2: » D3: ;D4 ;DS ; D6: » D7: ; D8:
VAN 172 1 73: 74  75: . 76: AE 78 )
Fig.1 Map of sampling locations in the Pearl River Delta
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pH ( MP511 ) mm) 4 C
. pH ; (=20 C).
Whatman (GF/G 0.7 pm @47 1.
1
Table 1 Major hydrochemical properties of water samples collected from the Pearl River Delta
/ / DOC/ al SPM/ Y PAHs/(ng*L™")
pH 4 o o POC B y
(uStem™)  (ng'L™)  (mgeL™) (peel™)  (mgel)
D1 2011-04 6.92 2280 0.62 3.71 4.74% 28.2 24.0 14.0 186
D2 2011-04 6.94 1244 0.61 4.01 6.86% 21.2 23.7 15.1 162
D3 2011-04 6.96 327 0.16 5.25 7.08% 21.7 22.3 83.1 176
D4 2011-04 6.90 255 0.12 5.38 9.65% 3.9 13.7 56.7 152
D5 2011-04 6.51 180 0.08 2.42 2.29% 33 14.7 14.0 289
D6 2011-04 6.76 167 0.08 3.00 1.64% 2.8 25.0 18.0 129
D7 2011-04 6.92 199 0.10 2.28 1.80% 2.8 342 14.6 164
D8 2011-04 7.03 177 0.08 2.63 1.59% 2.9 429 28.9 179
71 2011-04 7.23 867 0.43 4.79 8.87% 40.7 423 51.3 281
72 2011-04 7.16 814 0.37 4.88 14.60% 48.3 46.9 44.6 404
73 2011-04 7.32 660 0.32 4.41 7.36% 41.9 36.6 443 306
74 2011-04 7.26 696 0.33 3.60 4.05% 45.1 42.1 29.3 352
75 2011-04 7.20 649 0.32 3.02 4.24% 31.3 20.0 25.0 171
76 2011-04 7.08 957 0.48 2.81 5.00% 26.4 26.3 23.5 181
71 2011-04 7.24 618 0.30 2.62 4.51% 16.2 22.5 21.9 137
78 2011-04 7.21 492 0.25 2.63 4.82% 20.9 30.4 36.5 261
D1 2011-09 7.04 1190 0.58 3.23 7.711% 54.7 53.6 17.7 33.6
D2 2011-09 7.16 859 0.42 3.24 14.7% 58.7 24.3 11.0 18.0
D3 2011-09 7.33 283 0.13 2.89 17.1% 53.5 18.0 35.5 29.0
D4 2011-09 7.15 357 0.17 2.70 16.1% 20.7 16.1 42.3 21.0
D5 2011-09 7.06 284 0.13 1.66 7.97% 12.5 15.3 15.2 21.6
D6 2011-09 7.07 327 0.16 1.78 11.9% 17.3 12.1 27.6 98.1
D7 2011-09 7.00 206 0.10 2.07 6.36% 11.4 20.6 24.4 20.7
D8 2011-09 6.92 220 0.10 2.20 5.03% 7.9 18.9 26.9 8.8
71 2011-09 7.18 319 0.15 3.38 20.7% 80.3 14.6 26.4 19.5
72 2011-09 6.93 622 0.30 3.60 16.6% 81.8 30.6 31.6 43.8
73 2011-09 7.08 400 0.19 3.60 13.2% 82.7 55.7 26.1 70.5
74 2011-09 7.11 635 0.30 3.79 13.1% 133.0 59.1 48.1 71.9
75 2011-09 7.16 415 0.20 3.44 11.2% 129.0 76.5 34.8 81.3
76 2011-09 7.38 405 0.19 3.19 12.9% 92.9 433 15.4 40.2
71 2011-09 7.28 548 0.26 3.22 17.7% 68.3 24.4 17.6 42.6
78 2011-09 7.41 661 0.32 3.88 22.0% 98.0 23.3 19.7 212
2.2 (500 mg 6 mlL) Supelco . (80 ~100
2.2.1 ) (100~200 )
72h. 450 C 4h
(HPLC ) (HPLC ) 5%o
Merck sigma 4 h 450 C 4 h
Whatman( GF/F 0.7 16  PAHs 5

i

pm) 450 OC 4 h ENVI—CIS SPE ( _DX _DI() _Dl() E_Dlz
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D,,) UltraScientific ( North Kingston RI 60 C
USA) . 105 C CHNS
2.2.2 GF/F( Whatman ( Vario EL I Elementar Germany) Ace
0.7 pm) ( ( CgHyNO) TOC.
) . Envi-C4( 500 mg 6 mL)
PAHs 5 mL 1 mL
<5 mL S5mL - (98:2) 1%
SPE 4L 500 mL 0.45 pm
8~10 mL*min™" SPE 5 mL min
.SPE 20 ~ 30 min 90% ( 1 9 /
5 mL 3 Na, SO, ) 24 4000 remin”"
0.1 mL - 20min
90%
g dy -y JEAd, -,
48 h. .
1 mL 10 mL 10 mL.  90% 750 nm-+
1 mL 6 cm 663 nm.645 nm.630nm
12 ecm a ( Greenberg et al. 1998) .
I mlL 3 ( Results and discussion)
0.1 mL - .
2.2.3 HP-6890/5975 3.1
PAHs g
30 m DB-5 15 . SI( (
(30 mx0.32 mmx0.25 pm) 70 eV » www. actasc.cn www. cnki. net
(EI). : 280 PDF )
C 60 C 10 C*min™’
200 C 2 Cemin™' 214 C S1
5 Cemin™’ 255 C 2 min .
20 °Cemin”"' 290 C 12 14.0~83.1 ng* L™
min. I mLemin~". 32.5 ngeL™
1 L : 15.2~48.1 ng+ L™ 26.3
2.2.4 EPA  ngeL'; PAHs
QA/QC 10 1 129 ~404 ngeL™' 221 ng-L™
.PAHs PAHs 8.75~98.1 ng*L™'
50.9% ~122.7%. 40.1 ng*L™".
PAHs 10 ngeL™".
2.2.5 (0C) a - ( Park et al.
10 mL pH TOC-  2002) PAHs
VCPH ( ) ( bOC) PAHs
3 -

PAHs :
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PAHs

(72)
(73.74.75) (Z1.78.Z7)
(z6)( 1).

PAHs
24.9~443 ng*L”"  21.9~51.3 ng*L™";
PAHs
170.6 ~351.7 ng+L™"  137.3 ~
261.4 ng*L". PAHs
26.1~48.1 ng*L™'  17.6~26.4 ng*L™";
PAHs
70.5~81.3 ngeL”'  19.5~42.6
ngel.”".
PAHs
( D8)
(D3-D7) (D1.D2) .
S1
PAHs
(D3)
( D4) D3.D4
( 1 STP
)
( 2 ), PAHs
PAHs
D5.D6
(
S1)
Chesapeake  ( Gustafson
and Dickhut 1997) . (Wu et al. 2011) .

( Deng et al. 2006) ( Wang
et al. 2007) PAHs
( 2007) . ( Guitart et al. 2007)

( Wang et al. 2009)
(Guo et al. 2011)

3.2
PAHs
( DOC)
( POC)
5.03%
22.01% 1.59%
14. 6%.
( Guo et al. 2009;
Smith et al. 2011; Liet al. 2012) .
DOC.POC PAHs PAHs
( S2)
PAHs
DOC PAHs
DOC PAHs
a DOC
POC ( 2
25
( Taipale
el al. 2007) .
POC
7.35% ~40.00% 24.70%
POC 20.00% ~66.70% 36.20%
Chl a
PAHs
Chl a PAHs
PAHs 2
. Chl a PAHs
PAHs
PAHs ;
Chl a PAHs
r=0.76
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Fig.2 Correlations of Chl a with DOC POC dissoved PAHs ( APAHs) and particulate PAHs ( SPAHs) in the Pearl River Delta respectively

( The ellipse encloses the point-source samples not included in the correlation analysis)

PAHs r=0.24 PAHs
DOC PAHs
PAHs . ( Countway
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et al. 2003) 2004; Deng et al. 2006) . PAHs
.Chl a PAHs ( Voice et al. 1983; Schrap
PAHs et al. 1995)
3.3
. PAHs
KOC : KOC = q(‘, /f‘(](‘, C(‘, 3
logK,. = alogK,  + b :
log (q./f.) = alog K, + b+ log C, (1)
q. /foc ( PAHS
) qng'g’) C(ngemL™) ?
3 PAHs
( Luo et al. PAHs
10 — 91—
e= kS
I 81— %
g
6l ;{ y=0.49x+4 38 51 y=0.73x42.17
r=0.68 p<0.01 r=0.81 p<0.01
5 | | | | A | | | L
4 5 6 7 4 5 6 7
logK oy logKoy
3 logk,, logkK,.
Fig.3 Correlations between logK,, and logK . for PAHs in water samples from the Pearl River Delta
34 PAHs /276( InP /276) .
Flu/202 0.4
PAHs 0.5
178+
202.228 276 . ( Budzinski et al. 1997) .BaA /228 0.2-
( 178) 0.35
PAHs 0.2 0.35
( Zhang et al. 2005) . .InP /276 0.2
202,228 276 3 0.5
PAHs . / ( Yunker
202( Flu/202) a /228 ( BaA/228) et al. 2002) .
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PAHs 1.2.3 N a
h ( Harrison et al.
1996) 2
PAHs 3 14.2%
( + ) . .
( Wang et al. 2007) .
( Grimmer et al. 1983) 3
4
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