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Abstract The levels and possible sources of 16
priority polycyclic aromatic carbons (PAHs) in
the sediments from the Yellow River Delta
(YRD) were investigated. The total PAH concen-
trations ranged from 23.9 to 520.6 ug kg~! with
a mean value of 150.9 pg kg~!, indicating low
or medium levels compared with reported values
of other deltas. The concentrations of the 16 in-
dividual PAHs presented varied profiles among
different regions. The ecological risk assessment
of PAHs showed that adverse effects would rarely
occur in the sediments of the YRD based on
the effect range-low quotients and the probability
risk assessment. The PAH compositions and the
principal component analysis (PCA) with multi-
ple linear regression (MLR) uniformly presumed
the mixed sources of pyrogenic- and petrogenic-
deriving PAHs in the YRD. By PCA with MLR,
the contributions of major sources were quanti-
fied as 36.4% from oil burning, 33.1% from bio-
mass combustion, and 30.5% from diesel emission
sources.
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Introduction

The Yellow River Delta (YRD), one of the most
active regions of land-ocean interaction among
the large river deltas in the world, is a newly born
wetland. With an abundance of wetland vegeta-
tion and aquatic biological resources, the YRD
provides the birds with an appropriate habitat for
breeding, migrating, and wintering. Seven species
of birds listed as first priority for national conser-
vation and 33 species listed as the second have
been observed here (Xu et al. 2004). Thus, the
YRD is considered to be an important stopover
region in the inland of Northeast Asia and around
the western Pacific Ocean for bird migration. Due
to its unique environmental condition and eco-
logical sensitivity, the YRD is widely concerned
both in domestic and abroad. Therefore, protect-
ing the delicate ecology in this region is of great
significance.

However, as the YRD consists of the estu-
ary of the current course of the Yellow River
at the Bohai Sea, it admits the incoming water
from the middle and lower reaches of the Yellow
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River, where national petrochemical industry
plants, mines, metallurgy factories, and many
other pollution sources are located (Li et al. 2006).
Moreover, the YRD developed rapidly in modern
industry due to the exploitation of the Shengli Oil
Field (Chen et al. 2007; Xu et al. 2004; Yue et al.
2004), and as a newly born wetland, the YRD has
become a major region for the development of
agriculture and fisheries (Chen et al. 2007; Fang
et al. 2005; Xu et al. 2004). The rapidly economic
development here probably results in significant
pollution to aquatic environment, especially to the
sediment which acts as a natural repository for
hydrophobic organic compounds (HOCs). Recent
studies on different organic pollutants in sedi-
ments have been launched in some coastal areas
of China. However, most of them concentrated
on the southern sea areas (Chen et al. 2006; Mai
et al. 2002; Yuan et al. 2001). On the other hand,
most contaminant studies on the YRD focused
on distributions of heavy metals, nitrogen, and
phosphorus (Chen et al. 2007; Li et al. 2001; Song
2000), but few studies on polycyclic aromatic hy-
drocarbons (PAHs), which have toxic effects on
aquatic lives and show a probable carcinogenicity
to human beings (Bihari et al. 2007; Gevao et al.
2007).

PAHs are a class of diverse compounds that
consist of two or more fused aromatic rings. They
are mainly derived from incomplete combus-
tion, petroleum leakage/evaporation, and early
diagenesis of organic matter (Chen et al. 2006;
Shi et al. 2007). Sixteen PAH compounds have
been recommended as priority pollutants by the
United States Environmental Protection Agency
(USEPA 1993). Owing to their ubiquitous distrib-
ution and toxic characteristics, some of the PAHs
have been studied widely all over the world (Chen
et al. 2001; TARC 1987). As one of the major
sinks of PAH contamination, aquatic ecosystem
has received much attention for PAH investiga-
tions (Tao et al. 2003). PAHs are introduced into
the aquatic environment through atmospheric de-
position, surface runoff, oil leakage, industrial,
and residential wastewater discharge (Gevao et al.
1998; Ping et al. 2007). Owning to their hydropho-
bic characteristics, PAHs have great tendency
to associate with solid phase matrix in aquatic
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systems (Bihari et al. 2007; Chiou et al. 1998;
Tolosa et al. 2004). Recent studies on delta, es-
tuaries, coastal reaches, and continental shelves
showed that sediments in these areas often con-
tained high concentrations of PAHs (Chen et al.
2006; Liu et al. 2006). Therefore, studies on PAH
concentration characteristics and their ecological
risk assessment in the YRD would be very infor-
mative.

The objectives of the present work were to
investigate the concentrations and compositional
characteristics of PAHs in sediments in the YRD,
and to provide data for comparison with other
deltas in order to assess potential ecotoxicological
effect here. Moreover, possible PAH sources were
identified by principal component analysis with
multiple linear regression operation.

Materials and methods
Study area and sample collection

The Yellow River Delta is situated in the northern
part of Shandong Province, China. It lies on the
south side of the Bohai Sea, spanning from 118°07'
E to 119°18 E, and from 36°55" N to 38°12' N, with
an area of 6,010 km?. The area has a monsoon
climate of the warm-temperate zone which re-
ceives continental cold airflow (Asian monsoons)
blowing down to South China coastal regions in
winter, and is also influenced by marine climate
in summer time. The average annual temperature
in the YRD is 11.7-12.6°C and average annual
precipitation is 530-630 mm, of which 70% is
rainfall during summer (Chen et al. 2007; Liu et al.
2005a).

Sediments were collected from 30 sampling
sites in the YRD during May to August in 2007
(Fig. 1). Among them, seven sites were located
around the coastal reaches, nine in the inhabited
area, four near drilling platforms, and the other
ten were collected from marsh area in the YRD.
Top 5-cm surface sediments were taken using a
Van Veen stainless steel grab sampler (Eijkelamp,
Netherlands). The samples were then immediately
transferred to a pre-cleaned stainless steel cylin-
der and stored at —20°C for further analysis.
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Dongying City

Fig. 1 Sampling sites in the Yellow River Delta

Chemicals

Sixteen PAH compounds were selected as tar-
get analytes, i.e., naphthalene (Nap), acenaphthy-
lene (Acy), acenaphthene (Ace), fluorine (Flu),
phenanthrene (Phe), anthracene (Ant), fluoran-
thene (Fla), pyrene (Pyr), benzo[a]anthracene
(BaA), chrysene (Chr), benzo[b]fluoranthene
(BbF), benzo[k]fluoranthene (BkF), benzo[a]

pyrene (BaP), indeno[1,2,3-cd]pyrene (IcdP),
dibenzo[a,h]anthracene (DahA), and benzo[g,h,i]
perylene (BghiP). Standard PAHs (16 USEPA
priority compounds, each at 100 mg 17! in ace-
tonitrile) were obtained from Dr. Ehrenstorfer,
Reference Materials (Augsburg, Germany). All
solvents in this study (i.e., methanol, acetone,
dichloromethane, n-hexane) were HPLC grade
and obtained from Dikma (USA). The work-
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ing standard solutions were prepared by diluting
appropriate volumes of the standard PAH mix-
ture with methanol solution. Silica gel (reagent
grade, Qingdao Ocean Chemical Reagent Co.,
China) and anhydrous sodium sulfate (analyti-
cal grade, Beijing Chemical Reagent Co., China)
were baked in a furnace oven at 650°C for 6 h
prior to use. Water was prepared from a Milli-Q
system (Millipore, Bedford, MA, USA) with a
specific resistivity of 18.2 MQ-cm.

Sample analysis

The samples were freeze dried, and then grinded
and homogenized in a mortar. One gram of
dry sediment sample was mixed with 30 ml
hexane/acetone mixture (1:1, v/v) and left to set-
tle overnight. After extracted in an ultrasonic
bath (KQ-502B, Kunshan Ultrasonic Instruments,
China) for 1 h, the sample was centrifuged at
4,000 rpm for 20 min. Then the supernatant was
concentrated and solvent-exchanged to n-hexane
using a rotary evaporator (RV 05 basic, IKA,
Germany). The n-hexane extract was subject to
a column filled with 2.0 g silica gel and 1.0 g an-
hydrous sodium sulfate for cleanup and fractiona-
tion. Elution was performed with 8 ml hexane first
and then 10 ml hexane/dichloromethane (1:1, v/v).
The second fraction containing the PAHs was
reduced to 1-2 ml, subject to a solvent exchange
to methanol, and concentrated to 1.0 ml by the
rotary evaporator prior to HPLC analysis (Niu
et al. 2004).

PAHSs were analyzed by a Waters 1525 high-
performance liquid chromatography (HPLC) sys-
tem (Waters, USA) with Waters 1525 binary
HPLC pump, a 474 scanning fluorescence de-
tector, and a 2347 double beam UV detector.
The injector was a Rheodyne 7725 high-pressure
manual injector valve with a 20-ul injection loop.
Separation was carried out using a ChromSep
guard column (10 x 4.6 mm, particle size 5 um,
Varian, USA) followed by a ChromSep C,3 Col-
umn (250 x 4.6 mm, particle size 5 um, Varian).
The HPLC separation of the analytes was oper-
ated at a flow rate of 1.0 ml min~! using a gradient
elution program in which methanol-water was
used as mobile phase. A linear gradient (1 min)
back to starting conditions followed by a 7-min
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Table 1 The detection limits and recoveries of PAHs in
sediments

PAHs Detection limit Recovery RSD
(ngkg™") (%) (%)
Nap 4.0 45.8 8.9
Acy 1.5 61.5 11.9
Ace 0.8 66.0 14.2
Flu 1.0 71.3 8.4
Phe 1.2 92.6 16.7
Ant 0.8 86.2 6.2
Fla 0.9 83.6 8.6
Pyr 0.7 95.0 10.9
BaA 0.8 85.0 9.3
Chr 0.8 89.8 6.4
BbF 0.9 91.8 8.6
BkF 0.4 82.7 7.1
BaP 0.5 85.6 7.1
DahA/BghiP 0.6 86.7 8.9
IcdP 1.1 86.4 10.6

prerun allowed the separation column to equili-
brate prior to each subsequent run. Acenaphthy-
lene, which was weakly fluorescent, was identified
by UV detector at 229 nm. The other 15 PAHs
were quantified by fluorescence detector based on
fluorescence properties of individual PAH.

Quality control

All analytical operations were conducted under
quality control guidelines. Before the onset of the
extraction and analysis program, recovery exper-
iments were undertaken by spiking the 16 PAHs
standard solution with sediment samples. The six
parallel experiments indicated that recoveries for
the PAHs were 60-95% except for NAP, while the
respective relative standard deviations (RSDs)
ranged from 6% to 17% (shown in Table 1).
Method blanks operation showed no detectable
amounts of PAH contamination except for naph-
thalene. The detection limits of the procedure
were 0.4-4.0 ug kg~! for each PAH.

Probability risk assessment

A probability risk assessment (PRA) proce-
dure, being implemented by the USEPA
(USEPA 2000a, b), was adopted in this study
to estimate PAH probabilistic ecological risk.
In this method, both uncertainty and stochastic
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properties of exposures and responses can be
fully considered Solomon et al. 2000; Wang et al.
2002. Exposure and toxicity data with log-normal
distributions are plotted on the same axes for
PRA, and the extent of overlap between the
curves indicates the probability of ecological risk.
Conceptually, there is always some degree of
overlap between the two distributions. In addi-
tion, joint probability curve (JPC) which uses dual
probability lines with concentration of the residue
as the common variable was applied to describe
the nature of risks. In this method, an associated
concentration can be determined for any level
of effect and a probabilistic value of risk can be
calculated for any concentration (Chen 2005;
Solomon et al. 2000). In this study, the software
package Matlab 7.0 was used for PRA analysis.

Principal component analysis with multiple
linear regression

In order to enhance the accuracy of source iden-
tification and quantitatively apportion the contri-
bution percentage of each possible PAH source,
principal component analysis (PCA) followed by
multiple linear regression (MLR) was applied to
analyze the data set. In this method, PCA was
related to the information of source composition
and MLR was used to quantify the source con-
tribution (Larsen and Baker 2003). The original
individual PAH concentrations in each sample
were arranged in matrix after being standardized.
In the matrix, columns correspond to individual
PAH components and rows represent the sam-
pling sites. Source groupings were determined by
PCA with varimax rotation and only factors with
eigenvalues >1 were retained as PCs. After that,
MLR was operated and the regression coefficients
obtained indicated the PAH source contributions.
In this study, the software package SPSS 11.5 was
used for PCA and MLR analysis.

Results and discussion

PAH concentrations

All 16 PAHs in each sediment sample were quan-
tified, and concentrations of PAHs were sum-

marized in Table 2. Owning to the relatively
high indoor temperature during HPLC opera-
tions, DahA and BghiP were not individually
detected. These two compounds were analyzed
together as DahA/BghiP in this study. As shown
in Table 2, the concentrations of total PAHs
(D_PAHs) in sediments of the YRD varied from
23.9t0520.6 ng kg~! with a mean value of 150.9 ug
kg~!. The general level of PAHs in the study
area was lower than the corresponding concen-
trations of the Mississippi River Delta (Santschi
et al. 2001), the Pearl River Delta (Mai et al.
2002), and the Yangtze River Delta (Ping et al.
2007), but was higher than that of the Niger Delta
(Olajire et al. 2005) and the middle and lower
reaches of the Yellow River (Li et al. 2006). In
general, concentrations of PAHs in sediments of
the YRD were at low or medium levels com-
pared with other reported deltas. By comparing
the PAH average levels among different regions,
the sampling sites with the lowest concentration of
PAHs were found to be situated in the coast reach
areas, and the other three regions (i.e., inhabited
areas, drilling platforms, and marsh areas) pre-

Table 2 PAHs concentrations (g kg~!, dw) in sediments
of the Yellow River Delta

PAHSs Min® Max” Mean Mid® CV (%)4
Nap ND 84.5 16.4 109 1239
Acy ND 329 13.1 9.5 885
Ace 2.8 553 16.8 11.7 779
Flu 1.4 76.2 10.9 5.6 136.9
Phe 35 90.0 29.4 199 877
Ant ND 54 1.5 12 828
Fla 1.7 37.6 12.0 8.0 81.0
Pyr 1.2 29.0 9.6 64 79.0
BaA ND 522 9.2 52 1189
Chr 1.2 47.6 6.7 46 122.6
BbF 1.7 21.2 5.4 47 629
BKkF 0.5 29.1 4.5 3.0 130.6
BaP 0.7 22.6 4.8 40 825
DahA/BghiP 0.7 26.5 4.3 34 1023
IcdP 1.3 13.8 6.0 53 509
> PAHSs 239 5206 1509 1242  66.2

4 Min minimum concentrations
Y Max maximum concentrations
¢Mid median concentrations
dCV coefficient of variation
ND not detectable
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sented similar PAH concentrations with relatively
high levels. The highest Y} "PAH concentration was
found at the site 16, likely because oil wells located
nearby it and population density here was rela-
tively high. The median concentrations of individ-
ual PAHs with the range of 1.2-19.9 pug kg~! were
basically lower than the corresponding average
concentrations (1.5-29.4 pg kg~!), mathematically
indicating that majority of the sites contained rel-
atively low PAH concentrations. Coefficients of
variation (CV) of all PAHs were near or over
50.0% and even some of them exceeded 100%,
suggesting great variation in the concentrations of
PAHs in different samples.

Ecological risk assessment

In this study, potential ecological risks were
evaluated on the basis of two guideline values,
i.e., effects range-low (ERL) and effects range-
median (ERM), introduced by Long et al. (1995)
in view of 12 PAHs (see Fig. 2). According to
Long et al. (1995), the concentrations of three
classes of PAHs (total low-ring, total high-ring,
and total) and all of individual PAHs remark-
ably influenced the incidence of adverse effects
in sediments. Based on PAH concentrations in
this study, ERL quotients of three classes of
PAHs and all of individual PAHs were calcu-
lated as shown in Fig. 2. The concentrations of
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Fig. 2 Effects range-low (ERL) quotients of individual
PAH species for all sediments and the mean ERL quotients
of PAHs in different sampling sites (upper embedded plot)
in the Yellow River Delta
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three classes of PAHs and all of individual PAHs
were far below the ERM, indicating no frequent
acute adverse biological effect would happen in
the YRD. However, some of the individual PAHs
were in excess of ERL which implied possible
acute adverse biological effects. As DahA and
BghiP were detected together in this study, con-
centrations of DahA/BghiP were used to compare
with the ERL and ERM of DahA. The result
indicated that concentrations of DahA/BghiP in
all sampling sites were under ERL. As shown in
Fig. 2, the concentrations of Ace and Flu in some
sampling sites exceeded their corresponding ERL
values, suggesting occasional adverse effects may
occur in the study area (Long et al. 1995).
However, as the above method does not have
any environmental relevance, PRA procedure was
further employed in this study to evaluate the
probabilistic risk of PAHs in the YRD. In addi-
tion, the integral PAH effects was evaluated by
calculating the BaP equivalency (BaP.,) of PAHs
based on the toxic equivalency factors (TEF)
for individual PAHs (Nisbet and LaGoy 1992).
The range of BaP.q in sediment samples were
1.1-32.2, and based on this, the probability risk
assessment was adopted for PAH risk evaluation.
By employing Jarque-Bera method, the distrib-
ution of data for exposure concentrations (p =
0.41) and toxicological effects on sensitive species
(p = 0.73) were found to be log-normal distrib-
uted (p > 0.05). Figure 3 presents the probabil-
ity density curves (Fig. 3a) and joint probability
curves (Fig. 3b) of the BaP.q in the sediments
of the YRD. The overlap area of 8.02 x 10~* in
Fig. 3a was quantified by Matlab 7.0, indicating a
very low probability of toxic effect. From Fig. 3b,
it can be seen that the JPC of BaP.q are very close
to the axes, indicating little probability of adverse
effect (Solomon et al. 2000; Wang et al. 2002). The
proportion of species was calculated to be affected
by 0.00057% of the current observations in the
sediments when 1% of species will be affected.
This result further indicated that the ecological
risk of PAHs in the YRD was rather low that
adverse environmental events were supposed to
rarely happen by PAH exposure in the YRD.
However, as neither the probability of overlap in
PRA nor the JPC point is very useful as quan-
titative predictors of risk (Solomon et al. 2000),
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Fig. 3 Probability density curves (a) and joint probability curves (b) for the exposure concentrations and toxicity data of the

BaPcq in the sediments from the Yellow River Delta

the result could only provide the information on
relative risk of PAHs in the YRD.

PAH composition and source identification

For further discrimination of PAH distribution
and primary identification of PAH sources, the
composition profiles of PAHs by different ben-
zene rings in four areas were investigated (see
Fig. 4). The results indicated that the coast reach
showed different PAH composition comparing
with the other three areas. The profile in the coast
reach was dominated by four- to six-ring PAHs,
accounting for 69.4% of ) PAHs. Whereas the

2-3-ring B4-ring E5-6-ring

%% PAHs

Fig. 4 Compositional profile of PAHs by ring size in sedi-
ments from the Yellow River Delta

fractions of two- to three-ring PAHs presented
as predominance in the inhabited area, drilling
platform, and marsh area, ranging from 51.9% to
63.0% of the total concentrations of PAHs.

As relative concentrations of individual PAH
compounds are usually used to distinguish be-
tween PAHs for petrogenic and pyrogenic origin
(Dahle et al. 2003; Liu et al. 2006), the main
sources of PAHs in different regions could pri-
marily be identified from Fig. 4. Generally, low-
ring PAHs (i.e., two to three rings) derive from
petroleum products, incomplete combustion of
fossil fuels, and biomass at low to moderate tem-
perature and natural diagenesis, while pyrogenic
sources are abundant in high-ring PAH compo-
nents with four or more rings (Fernandes et al.
1997; Liu et al. 2006; Tolosa et al. 2004). More-
over, as low-ring PAHs are prone to be des-
orbed or degraded greatly in the sediments during
transportation process, they are more lost during
transport, and the composition of PAHs tends to
shift to high-ring PAHs when undergoing trans-
port progress (Li et al. 2006; Ping et al. 2007).
In this study, relative values of high-ring PAHs
with four or more rings account for more than
50% in sediments of coast reach, indicating a
dominance of combustion or relatively long-term
transport process. Besides PAH physicochemical
properties, the characteristics of sediments (Dahle
et al. 2003; Ghosh et al. 2000; Luo et al. 2006)
and hydrodynamic conditions (Liu et al. 2005b;
Mai et al. 2001) also played important roles in
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PAH distributions. The yellow river in the YRD
admitted the water from its middle and lower
reaches with the contained PAHs; however, the
PAH level in the river sediment in the YRD was
not as high as its upper reaches. This is possibly
the result of sediment characteristics and hydro-
dynamic conditions. The sediments in yellow river
were composed primarily of sandy grains with a
relatively small proportion of the readily available
PAH fractions, which is due to the weak sorption
of PAHs (Ghosh et al. 2000). In addition, when
being entrained into the coast areas, sediments
were diluted by clean seawater due to the tidal
interactions.

In the regions of inhabited areas, drilling plat-
forms, and marsh areas, low-ring PAHs presented
as the major compositions of PAHs (>50%).
According to the regional characteristics, mixed
sources of fossil fuels and biomass combustion at
low to moderate temperature and anthropogenic
oil leakage were presumed as main PAH origins in
these three regions. Moreover, marsh areas were
located in intertidal flat regions, where PAHs are
prone to accumulate in the sediments (Xu et al.
2001). Among the four different regions, the com-
position of four-ring PAHs showed similar quanti-
ties, primarily implying a common distribution of
four-ring PAH fractions in the YRD.

To provide insight into the accuracy and quan-
tification of source apportion, principal compo-
nent analysis (PCA) followed by multiple linear
regression (MLR) was applied to analyze the
data set. The results of PCA analysis of PAH
concentrations in the sediments from the YRD
are tabulated in Table 3. Three principal compo-
nents (PCs) were extracted and the accumulative
variance accounted for 81.2% of the total vari-
ance. For each PC, the PAH with relatively high
loading values (exceeding 0.7) (Fang et al. 2006;
Golobocanin et al. 2004) were marked with bold
numbers.

Each type of PAH source may provide an indi-
vidual profile or signature. As shown in Table 3,
PC1 was heavily loaded on Flu, BaA, Chr, BbF,
BaP, and DahA/BghiP. According to the litera-
ture, this source appears as oil combustion proce-
dure in nature. Flu and Chr are typical markers of
petroleum combustion, and BaA, BaP, and BghiP
were found to be enriched in oil burning emission
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Table 3 Rotated component loadings of three principal
components (PCs) for PAH compositions in the sediments
of the Yellow River Delta

PAHs PC1 PC2 PC3
Nap 0.69 0.12 -
Acy 0.38 0.25 0.53
Ace 0.26 0.90 0.15
Flu 0.81 0.44 -
Phe 0.12 0.87 0.34
Ant - 0.95 -
Fla 0.15 0.88 0.24
Pyr 0.55 0.78 -
BaA 0.88 - -
Chr 0.97 - -
BbF 0.90 0.22 0.17
BKF - 0.13 0.90
BaP 0.96 0.15 0.12
DahA/BghiP 0.96 - 0.15
IcdP 0.65 - -
Explained variance (%) 50.3 227 8.2

PCA loading values lower than 0.1 are not presented and
those higher than 0.7 are in bold

(Harrison et al. 1996; Larsen and Baker 2003;
Yang et al. 1998). In the YRD, oil wells spread
over the estuary with petroleum waste combusted
evermore. Thus, it is reasonable to assign oil com-
bustion as an important PAH source contributor
here.

PC2 was composed of high loadings of Ace,
Phe, Ant, Fla, and Pyr, which were related
to source of wood combustion (Duval and
Friedlander 1981). Since bulrush and wood burn-
ing in marsh area and straw burning in agriculture
field are ubiquitous in the YRD, biomass com-
bustion is supposed to be a responsible source of
PAHs.

The factor of PC3 had high loadings on BkF,
which was reported to be dominant as tracers
for diesel combustion (Larsen and Baker 2003;
Venkataraman et al. 1994). This is supposedly
attributed to the oil exploitation in the Shengli
Oil Field by oil extraction machines located in the
YRD. Accordingly, PC3 is inferred to indicate a
diesel combustion source of PAHs.

Percent contribution of different PAH sources
were quantified by MLR analysis. By performing
stepwise procedure, PC1 to PC3 representing oil
burning, biomass combustion, and diesel emission
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sources were regressed against the sum of PAHs.
The MLR equation is:

Y PAHs = 0.941PC1 + 0.855PC2 + 0.788 PC3
1

The mean contribution of each PAH source
was estimated from Eq. 1, i.e., 36.4% for oil burn-
ing, 33.1% for biomass combustion, and 30.5% for
diesel emission from machines.

Emission inventory of PAH sources gave rise
to complex mixtures of PAHs in the sediments
of the YRD. The PCA represented accordant
results with the diagnostic ratios of PAHs which
presumed the mixed sources of pyrogenic- and
petrogenic-deriving PAHs in the YRD.

Conclusions

In this study, PAH distribution, possible adverse
ecological effects, and their possible sources were
identified in the sediments from the YRD. Com-
pared with other reported deltas, the YRD pre-
sented generally low or medium PAH levels.
Among the four regions (i.e., coast reach, inhab-
ited areas, drilling platforms, and marsh areas)
of the YRD, the lowest concentrations of PAHs
were observed in the coast reach areas. The spatial
distribution of PAHs was site specific, i.e., high-
ring PAHs dominated the profiles in the coast
reach, whereas low-ring PAHs presented as major
fractions in the inhabited area, drilling platform,
and marsh area. Ecological risk assessment for
PAHs indicated that adverse effects would rarely
occur in the sediments of the YRD. PAH source
identification qualified the complex mixtures of
PAH sources in the YRD, including oil burning
(36.4%), biomass combustion (33.1%), and diesel
emission sources (30.5%).
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