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a b s t r a c t

Pollution of polycyclic aromatic hydrocarbons (PAHs) in the aquatic environment has drawn much atten-
tion around the world. The occurrence of 16 priority PAHs in the sediments and corresponding porewaters
in Lanzhou Reach of Yellow River, China, and their partitioning behavior between the two phases were
investigated. The results demonstrated that the total PAH levels in the sediments were positively cor-
related with the sediment clay contents (R2 = 0.756). Concentrations of total PAHs in porewaters ranged
from 48.2 to 206 �g/L, and indeno[1,2,3-cd]pyrene (InP) was the most abundant compound measured
in the porewater samples with a mean value of 42.9 �g/L. The compositions of PAHs in porewaters were
olycyclic aromatic hydrocarbons (PAHs)
ediment
orewater
ellow River

dominated by their compositions in the sediment samples. The in situ organic carbon normalized partition
coefficients (log K ′

oc) of the PAHs between sediments and porewaters were significantly correlated with
their octanol-water partition coefficients (log Kow) when log Kow values were less than 5.5 (naphthalene
(Nap) excluded). log K ′

oc values of 14 PAHs were lower than those predicted by the Karickhoff relationship.
This discrepancy was largest for InP, dibenzo[a,h]anthracene (DBA), and benzo[ghi]perylene (BgP). The
results in present study showed the tendency of PAHs release from sediment to porewater, indicating that
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. Introduction

One of the primary aims of environmental quality studies is
o understand the impacts of anthropogenic compounds, such as
rganic micropollutants, on the ecosystem in order to prevent or
inimize adverse effects. As the impacts and geochemical fate of

rganic micropollutants are closely interrelated, it is essential to
nderstand how geochemistry controls their fate through intensive
ampling and high quality analyses of a broad spectrum of contam-
nants [1–4]. Polycyclic aromatic hydrocarbons (PAHs) are a class of
mportant anthropogenic organic pollutants that are ubiquitous in
he environment [5–9]. Due to their carcinogenicity in animals and
idespread environmental occurrences, PAHs have garnered much

ttention around the world [10–13]. PAHs in aquatic environments
end to sorb to sediment particles due to their hydrophobic char-
cteristics [14]. However, PAHs in the sediments may continue to

e harmful to benthic organisms for years and possibly decades
o come because these compounds have the potential of being
eleased back into the water column [15]. The guidelines estab-
ished by U.S. Environmental Protection Agency (EPA) for protecting

∗ Corresponding author. Tel.: +86 22 23504821; fax: +86 22 23504821.
E-mail address: xujian@nankai.edu.cn (J. Xu).
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ents may be a pollution source to aquatic ecosystem.
© 2008 Elsevier B.V. All rights reserved.

enthic organisms in PAH contaminated sediments are based on
freely dissolved” PAH concentrations in sediment interstitial water
r porewater [16,17]. Thus, in order to better understand the mobil-
ty and bioavailability of PAHs contained in the sediments, the
oncentration of these compounds in the sediment porewaters
ust be determined.
Sediment-porewater partition is an important process that con-

rols the transport, fate, and ecotoxicological risk of the micro-levels
f lipophilic contaminants in aquatic environments. McGroddy and
arrington [18] examined the spatial and temporal variation in
artitioning behavior of PAHs between surface sediments and the
orewaters of the San Francisco Bay Estuary. They attributed the
ariation to the soot content of the sediments. Maruya et al. [19]
easured the in situ sediment-porewater partition coefficient from

oston Harbor, and they hypothesized that only a fraction of the
easured sediment PAH concentrations was available to parti-

ion rapidly into sediment porewaters. This study focused on the
ediment-porewater partition behavior of PAHs in Lanzhou Reach
f Yellow River. Yellow River is a very important water resource

or the industry, agriculture and population in northern China.
anzhou Reach belongs to the upper reaches of Yellow River. This
each is severely polluted by the large amounts of wastewater
ischarged by the city’s industries. PAH in surface sediments of
his reach and possible sources have been reported by Xu et al.

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:xujian@nankai.edu.cn
dx.doi.org/10.1016/j.jhazmat.2008.10.042
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20]. However, reports of PAHs in porewaters and their sediment-
orewater partition were still unknown. Current studies mainly

nvestigate the concentration of PAHs in porewaters and in situ
ediment-porewater partition coefficients of 16 priority PAHs in
his reach. The results will be helpful in predicting the environ-

ental bioavailability and fate of the PAHs in the sediment-water
ystem.

. Materials and methods

.1. Chemicals and reagents

PAHs selected in this study are 16 priority PAHs identified by
S EPA. They were purchased from J&K Chemical CO., Ltd., USA,

ncluding: naphthalene (Nap), acenaphthylene (Acy), acenaph-
hene (Ace), fluorine (Fl), phenanthrene (Phe), anthracene (Ant),
uoranthene (Flu), pyrene (Pyr), benzo[a]anthracene (BaA), chry-
ene (Chr), benzo[b]fluoranthene (BbF), benzo[k]fluoranthene
BkF), benzo[a]pyrene (BaP), indeno[1,2,3-cd]pyrene (InP),
ibenzo[a,h]anthracene (DBA), and benzo[ghi]perylene (BgP),
ach at 200 �g/mL. The recovery surrogate standard consisted of a
ixture of deuterated PAHs (naphthalene-d8, acenaphthene-d10,

henanthrene-d10, chrysene-d12, and perylene-d12, each at
000 �g/mL) was also obtained from J&K Chemical CO., Ltd. (USA).
ll solvents and reagents (Tianjin Jiangtian Chemical Reagent
orp., China) used for sample processing and analyses were high
erformance liquid chromatography (HPLC) or analytical grade.
eutral silica gel (100–200 mesh) and alumina (50–200 mesh)
ere heated at 150 ◦C for 4 h before use. Anhydrous sodium sulfate
as baked at 450 ◦C for 8 h and stored in sealed containers.

.2. Study area and sample collection

Lanzhou City is an industrial city with a population of 3.14 mil-
ion people. The Yellow River in this reach is about 89 km long
nd originates from the Bapan Gorge (S1). It flows from west to
ast, passing through Lanzhou city and ending 4 km downstream of
hichan Bridge (S14) as shown in Fig. 1. Fourteen sediment samples
ere collected along this reach on 20th July, 2005. The surface sed-

ment (0–20 cm) samples were collected from the riverbed (close
o the bank) using a stainless steel grab sampler and placed in glass
ottles with Teflon lined caps. Samples were transported to the

aboratory within 3 h after sampling. The sediment samples were
entrifuged in 250 mL glass centrifuge tubes at 6000 rpm for 15 min
o separate the porewater from the sediment. The isolated porewa-
er samples were stored in the dark at 4 ◦C, and the remainder of
he sediment samples was frozen at −20 ◦C before treatment. All
amples were analyzed within 1 week.

.3. Analytical procedure

For liquid samples, 500 mL of isolated porewater samples were
iquid–liquid extracted with 3 × 30 mL dichloromethane, and the
xtracts were combined. The analytical procedure for extraction,
eparation, and measurement of PAHs in sediment was detailed
lsewhere [20]. The sediment and porewater extracts were con-
entrated, solvent-exchanged to hexane, and purified by passing
hrough a 1.0 cm inner diameter (i.d.) × 30 cm glass column filled
ith 1:2 alumina:silica with anhydrous sodium sulfate (1 cm) at
he top of the column. The first fraction containing aliphatic hydro-
arbons was eluted with 20 mL of hexane; the second fraction
ontaining PAHs was eluted with 70 mL of dichloromethane/hexane
3:7, v/v). The PAHs fraction was concentrated to 0.5 mL under a
entle stream of nitrogen, and ready for instrumental analysis.
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Concentrations of PAHs were determined with a Finnigan Trace
000 GC Ultra gas chromatograph, equipped with a Finnigan Polar-

sQ mass spectrometer in the selected ion monitoring (SIM). A J&W
cientific DB5-MS silica fused capillary column (30 m × 0.25 mm
.d., 0.25 �m film thickness) was used in chromatographic sep-
ration with helium as the carrier gas at a constant flow rate
f 1 mL/min. The GC oven temperature was programmed from
0 ◦C (held for 2 min) to 260 ◦C (held for 8 min) at 10 ◦C/min, then
o 300 ◦C at 5 ◦C/min and held for 5 min. PAHs in the samples
ere identified by the GC retention times of each compound and

he abundance of quantification/confirmation ions with respect to
uthentic PAH standards.

Particle size distribution of sediments was determined using
he pipet method. Organic carbon content (foc) of sediments was
etermined by the method of potassium dichromate-sulfuric acid
xidation [21].

.4. Quality assurance and quality control

The instruments were calibrated daily with calibration stan-
ards and the relative percent differences between the five-point
alibration and the daily calibrations were less than 20% for all
f the target analytes. Procedural blanks were analyzed concur-
ently with the porewater and sediment samples. The porewater
lank, consisting of 500 mL of double distilled water, was extracted

n the same manner as the porewater samples. The sediment
lank was solvent-extracted sediment that had been baked in
muffle furnace at 450 ◦C overnight and was extracted in the

ame manner as the sediment samples. The PAHs concentra-
ions in the sediment and porewater blanks were not detected or

uch lower than the detection limits of the method, which were
.0–6.5 ng/g for sediment and 0.01–0.065 �g/L for porewater. Prior
o extraction, deuterated PAHs (naphthalene-d8, acenaphthene-
10, phenanthrene-d10, chrysene-d12, and perylene-d12) were
dded to each sample to measure PAH recovery. Mean recoveries
nd the relative standard deviation (RSD) of these surrogates in the
ediment and porewater extracts were 67.3 ± 9.5% and 59.4 ± 10.8%
naphthalene-d8), 80.3 ± 8.6% and 76 ± 8.1% (acenaphthene-d10),
9.5 ± 11.4% and 91.8 ± 10.3% (phenanthrene-d10), 92.1 ± 10.6% and
0.4 ± 9.8% (chrysene-d12), 88.8 ± 8.1% and 86.5 ± 10.1% (perylene-
12), respectively.

. Results and discussion

.1. Sediment parameters and PAHs

The distribution of sediment PAHs in this reach has been investi-
ated in our previous research [20], and the data were summarized
n Table 1. As shown in Table 2, the sediments collected from this
each had relatively low sediment organic carbon (foc) content.
he effects of sediment mechanical composition on the total PAHs
oncentrations in sediment samples were examined. A positive
elationship with a correlation coefficient (R2) of 0.756 (p < 0.01)
xisted between total PAHs concentrations and clay content, which
ccupied 1.2–7.6% of sediments. This R2 value was higher than that
f foc (R2 = 0.569, p < 0.01), indicating that PAHs in sediments were
lso associated with sediment textures. A moderate positively cor-
elation (n = 14, R2 = 0.475, p < 0.01) was found between the total
AHs concentrations and the silt content. On the contrary, sand

ontent, accounting for 70–95.4% of the sediments, was negatively
orrelated with the total PAHs concentrations (n = 14, R2 = 0.578,
< 0.01). Maruya et al. [19] encountered a similar phenomenon in

he San Francisco Bay sediment. They reported a significant posi-
ive correlation (n = 13, R2 = 0.86, p < 0.01) between PAHs levels and
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Fig. 1. Map of studie

he fines content (%silt + %clay) in the sediment samples. The result
uggested that PAHs tend to accumulate in fine particles in the
ediments.

.2. Porewater PAHs and PAHs composition

The porewater samples exhibited measurable 16 priority PAHs.
e did not get sufficient porewater from sediments in sampling
ites S6, S7 and S11, so only 11 porewater samples were discussed
elow. As shown in Table 1, total PAHs in porewater varied from 48.2
o 206 �g/L, with mean value of 123 �g/L. The highest concentra-
ion was observed at S12, where the sediment PAHs concentration
as also the highest in this reach. High concentrations were also

t
t
d
r
o

and sampling sites.

ound at S2, S4 and S8, with total PAHs levels of 190, 192 and
59 �g/L, respectively. Among the 16 PAHs, InP was the most abun-
ant compound measured in the porewater samples, ranged from
6.9 to 85.6 �g/L, with mean value of 42.9 �g/L. Such high lev-
ls of InP, whose aqueous solubility was below 0.1 �g/L, suggested
otentially abundant colloids in aquatic environment, which may
nhance the solubility of InP by conjugation. This was similar with
he results from Zhang et al. [22] and Maskaoui et al. [23], where

hey reported higher concentrations of hydrophobic organic pollu-
ants in porewater samples possibly due to their association with
issolved organic carbon or colloids. Ant, as a representative of 3-
ing PAH, was also highly abundant in porewater with mean value
f 28.6 �g/L.
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Table 1
Concentration of 16 priority PAHs in sediment and porewater from the Lanzhou Reach of Yellow River.

Sediment (n = 14) Porewater (n = 11)

Range (ng/g) Mean (ng/g) S.D. (ng/g) Range (�g/L) Mean (�g/L) S.D. (�g/L)

Nap 15.9–571 127 147 2.27–60.8 17.3 17.1
Acy 8.24–58.1 20.4 15.3 0.81–3.79 1.71 0.94
Ace 0.35–1.32 0.68 0.26 0.05–0.27 0.12 0.07
Fl 2.35–21.7 8.12 5.89 0.30–1.96 0.96 0.57
Phe 15.7–248 79.6 65.2 1.12–7.62 3.60 2.25
Ant 35.9–716 269 219 3.18–70.6 28.6 25.1
Flu 27.2–191 95.1 55.2 0.64–3.79 2.26 1.21
Pyr 18.5–169 75.5 47.1 0.69–5.05 2.89 1.60
BaA 13.4–161 66.1 51.0 0.47–5.74 2.07 1.61
Chr 14.8–138 62.0 42.8 0.74–14.1 4.75 3.88
BbF 19.7–114 57.1 32.1 1.73–5.60 3.50 1.54
BkF 10.7–142 71.3 48.5 3.00–13.3 5.76 3.05
BaP 59.3–180 111 33.7 1.16–3.90 2.05 0.99
DBA 8.83–52.1 26.4 13.9 0.74–5.34 2.17 1.33
InP 68.6–594 324 168 16.9–85.6 42.9 22.1
BgP 4.42–51.0 21.3 14.7 1.05–5.33 2.30 1.26

Total 464–2621 1415 726 48.2–206 123 57.4

Table 2
Some parameters of sediments and total PAHs in the sediments and porewaters.

Location S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14

Sand (%) 93.4 88.6 70.8 85.2 91.8 87 84 82.8 83.8 70 79 82.2 85.4 95.4
Silt (%) 4.4 9 22.4 9.4 5.4 9.2 13.2 12.4 12 22.4 15.6 12.8 12.4 4.4
clay (%) 2.2 2.4 6.8 5.4 2.8 3.8 2.8 4.8 4.2 7.6 5.4 5 2.2 1.2
foc (%) 0.08 0.13 0.54 0.16 0.21 0.15 0.16 0.34 0.17 0.57 0.31 0.38 0.2 0.14
t 699
t –
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PAH (ng/g) 794 1143 1852 1880 520 1039
PAH (�g/L) 48.2 190 133 192 100 –

(–) Amount of porewater from sediments was not sufficient for analysis.

The composition of PAHs by ring size was investigated in 11
orewater samples. As shown in Fig. 2, 6- and 3-ring PAHs dom-

nated the PAH distributions in this reach, which on average
ontributed 37.9% and 28.1% to total PAHs in porewater, respec-
ively. In addition, 2-, 4- and 5-ring PAHs occupied 13.1%, 9.4% and
1.5% of the total PAHs on average, respectively. The relationships
etween the concentrations of 2-, 3-, 4-, 5-, 6-ring and total PAHs

n porewaters and those in sediments were examined at 11 sam-
ling sites. Results showed that PAHs in porewaters and sediments
ere significantly correlated at all 11 sampling sites (Table 3), sug-
esting that the compositional patterns of PAHs in porewaters were
imilar to those in sediments. To further understand compositional
ifference between the two phases in the same-number aromatic
ings, the following ratios, Phe:Ant, Pyr:Flu, BbF:BkF, and BgP:InP
ere selected. As shown in Fig. 3, the ratios of Phe:Ant, BbF:BkF, and

ig. 2. Composition of parent PAH in porewater from the Lanzhou Reach of Yellow
iver. Two-ring PAHs include Nap; 3-ring PAHs include Acy, Ace, Fl, Phe and Ant;
-ring PAHs include Flu, Pyr, BaA and Chr; 5-ring PAHs include BbF, BkF, BaP and
BA; 6-ring PAHs include InP and BgP.
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gP:InP in porewaters and sediments were not significantly differ-
nt (p > 0.05), but the difference of Pyr:Flu ratio from two phases
as significant (p < 0.01). However, Pyr and Flu, as well as other
-ring PAHs, were not predominant PAHs in the porewater and sedi-
ent (Fig. 2), indicating that the composition of PAHs in porewaters
as dominated by the PAHs composition in sediments.

Compared with other places in the world as shown in Table 4,
oncentrations of total 16 PAHs in porewater from Lanzhou Reach
f Yellow River were higher than those found in some aquatic
nvironment such as Mersey Estuary, UK (0.095–0.742 �g/L) [24],
orwegian harbors, Norway (0.092–0.617 �g/L) [14], San Fran-
isco Bay, USA (0.013–0.071 �g/L) [19], and Xiamen Harbor, China

<0.001–3.55 �g/L) [25]. However, the levels were lower than Min-
iang River Estuary, China (82.1–239 �g/L) [22] and Jiulong River
stuary and Western Xiamen Sea, China (162–949 �g/L) [23]. PAHs
n Lanzhou Reach of the Yellow River were at moderate levels.

able 3
elationship between the concentrations of 2-, 3-, 4-, 5-, 6-ring and total PAHs in
ediments and those in porewater at 11 different sampling sites.

ampling sites

1 Cs = 13.81Cw + 42.64, R2 = 0.657, p < 0.05
2 Cs = 5.367Cw + 40.69, R2 = 0.874, p < 0.01
3 Cs = 11.12Cw + 123.7, R2 = 0.835, p < 0.05
4 Cs = 8.605Cw + 75.68, R2 = 0.828, p < 0.05
5 Cs = 4.437Cw + 24.89, R2 = 0.846, p < 0.01
8 Cs = 11.12Cw + 88.08, R2 = 0.838, p < 0.01
9 Cs = 14.11Cw + 82.63, R2 = 0.721, p < 0.05
10 Cs = 30.94Cw + 197.6, R2 = 0.677, p < 0.05
12 Cs = 11.05Cw + 117.9, R2 = 0.818, p < 0.05
13 Cs = 12.65Cw + 41.15, R2 = 0.868, p < 0.01
14 Cs = 3.301Cw + 22.11, R2 = 0.768, p < 0.05

s, Concentration of PAHs in sediment (ng/g); Cw, Concentration of PAHs in porewa-
er (�g/L).
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Table 4
Concentrations of PAHs in sediments and porewater.

Location Sediment (ng/g) Porewater (�g/L) Ref.

Mersey Estuary, UK 626–3766 0.095–0.742 Vane et al. [37];
King et al. [24]

Norwegian harbors, Norway 2100–31100 0.092–0.617 Cornelissen et al. [14]
San Francisco Bay, USA 26.1–600 0.013–0.071 Maruya et al. [20]
Tokyo Bay, Japan 534–292370 Zakaria et al. [38]
X 0
M 7
J 7
Y 21
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[34]. Consequently, PAHs in porewater might have not reached
equilibrium with the sediment, which contributed to the lower con-
centration of PAHs in sediment. In addition, competitive sorption by
other hydrophobic organic compounds, such as nonylphenol (NP)
iamen Harbor, China 247–48
injiang River Estuary, China 112–87

iulong River Estuary and Western Xiamen Sea, China 59–117
ellow River, China 464–26

ccording to our previous study [20], sources of PAHs contam-
nation in this reach originated from both the high-temperature
yrolytic processes and the petrogenic source, indicating a mixed
AHs input pattern.

.3. In situ sediment-porewater partition coefficient

In order to compare the partition behavior of these compounds
n 11 sampling sites, the organic carbon normalized partition coef-
cients (K ′

oc) were calculated:

’
d = Cs

Caq

’
oc = K ’

d
foc

here Cs is the solid phase (sediment) concentration, Caq is the
queous phase (porewater) concentration, and foc is the sediment
raction of organic carbon.

The apparent organic carbon normalized partition coefficients
log K ′

oc) of 16 PAHs (n = 11) are shown in Table 5. The mean values
f log K ′

oc for 16 PAHs were relatively similar, ranging from 3.41 to
.40, despite the range of their solubilities. The log K ′

ocs determined
n this study were lower than their octanol-water partition coeffi-
ients (log Kow) except for Nap. Nap had higher volatility than other
AHs, so that its levels in aqueous phase would be lower, resulting
n the high K ′

oc value.
Karickhoff [26] found that the log Koc was strongly correlated to

og Kow, with slopes typically around 1, and an intercept of −0.42.
onkers and Smedes [27] reported slopes close to 1 for PAHs and
CBs in the porewater from sediment layers of the Lake Ketelmeer
n the Netherlands. Many other studies [19,28,29] reported data

rom field investigations on sediment-porewater partition and
ound that these slopes and intercept values often underestimated
he in situ Koc, however there was still a strong correlation to Kow

Fig. 4). In this study, log K ′
oc was linearly correlated with log Kow

ithin each sampling sites for PAHs with log Kow < 5.5 except

Fig. 3. Selected PAHs ratios. Pyr:Flu (p < 0.01), others p > 0.05.

F
b

0

s
a
l
d
l

<0.001–3.55 Zhou et al. [25]
82.1–239 Zhang et al. [22]
162–949 Maskaoui et al. [23]

48.2–205.7 This study

or Nap. The correlation equation was: log K ′
oc = 0.556 log Kow =

.296, R2 = 0.819, p < 0.01 (Fig. 4). For PAHs with log Kow > 5.5,
og K ′

oc values were lower than predicted by the Karickhoff rela-
ionship [26] by 1.2–3.1 log units. This discrepancy was largest
or the PAHs with high log Kow: DBA, InP and BgP. It might be
ue to the facts that PAHs with high molecular weights had diffi-
ulty entering the micropores of sediment organic matters [30,31].
owever, it cannot account for the discrepancies of the other
AHs. Hydrophobic organic compounds such as PAHs have very
ow aqueous solubilities. The presence of porewater organic col-
oids can enhance the porewater concentrations of PAHs beyond
heir solubilities significantly [32,33]. Furthermore, porewater may
xchange with the overlying water, so that only a fraction of the
orewater PAH concentrations was available to equilibrate with
he surrounding sediment. On the other hand, the sorption of
AHs in porewater might not reach equilibrium. PAHs, with higher
ipophilicity, were expected to reach adsorption equilibrium slowly
ig. 4. Log Kow and in situ log Koc of PAHs in this study (triangles). Correlation
etween log K ′

oc and log Kow of PAHs with log Kow < 5.5 except Nap, log K ′
oc =

.566 log Kow + 1.296
(

n = 11, R2 = 0.819, p < 0.01
)

. The Karickhoff relation-

hip (log Koc = log Kow − 0.42) [26] is shown as a drawn solid line. The dashed
nd dotted dashed lines are the relationships, log Koc = 0.941 log Kow + 0.443 and
og Koc = 0.754 log Kow + 2.25, from Maruya et al. [19]. The round dotted and long
ashed line represents the correlations log K ′

oc = 0.37 log Kow + 3.5 [29] and
og K ′

oc = 1.32 log Kow − 0.39 [28], respectively.



Y. Yu et al. / Journal of Hazardous Materials 165 (2009) 494–500 499

Table 5
In situ sediment-porewater partition coefficient (log Koc) of PAHs.

log Kow
a log Koc

b log Koc
c log K ′

oc (this study)

Range Mean S.D.

Nap 3.37 2.90–4.14 3.58 0.42
Acy 4 3.29–3.92 3.71 0.19
Ace 3.92 4.58–5.03 2.76–3.92 3.41 0.34
Fl 4.18 4.16–5.33 3.21–4.03 3.61 0.27
Phe 4.57 6.07–7.03 4.18–5.91 3.66–4.62 4.08 0.34
Ant 4.54 4.73–5.86 2.82–5.10 3.70 0.68
Flu 5.22 6.08–6.66 5.26–7.29 3.78–5.15 4.33 0.38
Pyr 5.18 5.50–6.61 4.97–6.53 3.61–4.83 4.13 0.39
BaA 5.91 3.70–5.06 4.17 0.41
Chr 5.86 5.98 3.03–4.76 3.79 0.58
BbF 5.8 6.26–6.82 3.20–4.31 3.80 0.31
BkF 6 5.97–6.94 2.97–4.27 3.66 0.38
BaP 6.04 6.00–6.28 4.07–4.98 4.40 0.26
InP 7.04 6.93 3.00–3.93 3.47 0.28
DBA 6.75 3.03–4.36 3.67 0.36
BgP 6.5 6.56–6.78 3.11–4.06 3.46 0.28

a
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[

[

[

[

[

[

[

[

a Values from Karickhoff et al. [39].
b Values from McGroddy and Farrington [18].
c Values from Maruya et al. [19].

nd their polyethoxylates (NPnEO) in porewater and water column,
ould also decrease the available binding sites for PAHs on/in the
ediment [35,36].

. Conclusions

This paper provided important information on 16 priority PAHs
n sediments and porewaters in Lanzhou Reach of Yellow River,
hina. The PAHs in the sediments and porewaters of this reach were
t moderate-polluted levels compared with those in other places
n the world. The compositions of PAHs in the porewaters were
orrelated with those in the sediments. The sediment-porewater
artition of PAHs showed that the partition coefficients of PAHs
ere correlated with their octanol-water coefficients, however,

heir log K ′
ocs were lower than those predicted by the Karickhoff

elationship for 14 PAHs, especially for those with 5- to 6-rings.
his partition coefficient is helpful to predict the PAHs distribu-
ions in the river sediments. In order to better understand their fate
nd assess their environmental risks, further research is required
o study the multimedia environmental behavior of PAHs in the
quatic environment, including phases like sediment, overlying
ater, porewater and organic colloids herein.
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