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Abstract Samples of water, sediment and suspended
particulates were collected from 13 sites in the mid-
dle and lower reaches of the Yellow River in China.
Phthalic acid esters (PAEs) concentrations in differ-
ent phases of each sample were determined by Gas
Chromatogram GC-FID. The results are shown as fol-
lows: (1) In the Xiao Langdi–Dongming Bridge sec-
tion, PAEs concentrations in water phase from the main
river ranged from 3.99 × 10−3 to 45.45 × 10−3 mg/L,
which were similar to those from other rivers in the
world. The PAEs levels in the tributaries of the Yel-
low River were much higher than those of the main
river. (2) In the studied branches, the concentration of
PAEs in sediment for Luoyang Petrochemical Channel
(331.70 mg/Kg) was the highest. The concentrations of
PAEs in sediment phase of the main river were 30.52
to 85.16 mg/Kg, which were much higher than those
from other rivers in the world. In the main river, the
concentration level of PAEs on suspended solid phases
reached 94.22 mg/Kg, and it reached 691.23 mg/Kg in
the Yiluo River – one tributary of the Yellow River.
(3) Whether in the sediment or on the suspended solid
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phases, there was no significant correlation between the
contents of PAEs and TOC or particle size of the solid
phase; and the calculated Koc of Di (2-Ethylhexyl) Ph-
thalate (DEHP) in the river were much less than the
theoretical value, which inferred that PAEs were not
on the equilibrium between water and suspended solid
phases/sediment. (4) Among the measured PAEs com-
pounds, the proportions of DEHP and di-n-butyl ph-
thalate (DBP) were much higher than the others. The
concentrations of DEHP exceeded the Quality Standard
in all the main river and tributary stations except those
in the Mengjin and Jiaogong Bridge of the main river.
This indicates that more attention should be paid to pol-
lution control and further assessment in understanding
risks associated with human health.

Keywords Phthalic acid esters (PAEs) · Sediment ·
The Yellow River · Sorption · Organic pollutants

Introduction

Phthalic acid esters (PAEs) are often used as plasticiz-
ers, pesticide carriers, and materials of parasiticides,
cosmetics, fragrances and lubricants (Yuan et al., 2002;
Hu et al., 2003). Recent investigations have shown
that several PAEs are environmental hormone (Kambia
et al., 2001; Xia et al., 2001), which are venenous and
harmful to human health, leading to the instability of
internal secretions and procreation ability (Katherine
et al., 2003). Therefore, PAEs contamination has
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become an important issue, and many studies concern-
ing the PAEs level in rivers around the world have been
carried out. It was reported that PAEs concentrations
were 0.1 to 300 μg/L in surface waters, and they were
0.1 ng/g to 100 μg/g in sediment (Sung et al., 2003).

A large quantity of researches on PAEs have been
carried out in China, including the analysis of contam-
ination level and investigation of their environmental
behavior, which revealed many areas of China were se-
riously polluted by this contaminant. Therefore, their
influence on environmental ecosystems could not be
ignored (Mo et al., 2001; Jing, 1990). In recent years,
there have been some reports about PAEs contamina-
tion of the Yellow River in China. For instance, the
concentration of PAEs was 3.082 μg/L in Zhengzhou
of the Yellow River (Gao et al., 2001), and it reached
87.23 μg/L, including 3 kinds of PAEs, in Wanji-
azai (Guo et al., 2002). Although a few pollution as-
sessment investigations have been carried out for the
Yellow River, most of these have focused on two or
three sites; detection for PAEs was restricted to some
specific species, and only single phase of the river has
been studied.

The objective of this study is to determine con-
centrations, distribution in different phases and tran-
sitions of PAEs in the middle and lower reaches of
the Yellow River. Five of the phthalic acid esters, i.e.
di-methyl phthalate (DMP), di-ethyl phthalate (DEP),
di-n-butyl phthalate (DBP), di-n-octyl phthalate (DOP)
and Di (2-Ethylhexyl) Phthalate (DEHP), which have
been identified as priority pollutants by the US Envi-
ronmental Protection Agency (USEPA) and the China
National Environmental Monitoring Center (Charles
et al., 1997), will be analyzed in suspended particles,
sediments and waters in the main river and tributaries
of the Yellow River between the Xiaolangdi Dam in
the Henan province and Dongming Bridge in the Shan-
dong province. This database will reveal PAEs contam-
ination in the middle and lower reaches of the Yellow
River and demonstrate the distribution rule of PAEs in
different phases as well as environmental factors.

Materials and methods

Sample collection

Samples of water, sediment and suspended partic-
ulates were collected from 13 sites in the middle

and lower reaches of the Yellow River from the
Xiaolangdi Dam to the Dongming Bridge (317 km)
in June 2004 (Fig. 1). A total of 7 sampling
stations were located along the main river, and
6 sampling stations were located in the tributaries.
Details about the sampling stations were listed in
Table 1. There were three sampling locations at each
station along the main river, including the two sides
and the middle of the river. For each station of the trib-
utaries, only the middle sampling location was used
according to its width of the section.

Because of the low depth of the water column in the
middle and lower reaches of the Yellow River, water
samples used in this study were taken from the top layer
(0–20 cm). Surface sediment samples were collected
using a pre-cleaned grab sampler, and water samples
using a 2 L pre-cleaned aluminum jar with on site ex-
traction. Suspended particle samples were taken with a
press filter (0.45 μm). All samples were quickly (less
than 12 hrs) carried back to the laboratory where they
were stored at 4 ◦C in a refrigerator.

Chemicals and instrumentation

The five PAEs were purchased from Beijing Chemi-
cal reagents Co. and they were dissolved in analytical-
grade Carbon disulfide (CS2). The hexane and acetone
used to clean the micro-liter syringes were purified
by distillation. The dry silica gel used in the clean-up
columns was 100–200 mesh.

Determination of PAEs was achieved using the
VARA Gas Chromatogram (American Varian Com-
pany). Extracts of the five PAEs were concentrated
by the RE-52 rotating evaporator (Shanghai Yarong
bio-chemical instrument Plant). The purification of the
extract was then done using the Clean-up columns
(300 mm × 10 mm glass columns). The columns were
prepared by inserting silicon alkylation glass wool at
the bottom, and about 1 cm of anhydrous sodium sul-
fate above it. A total amount of 10 g activated (160 ◦C)
dry silica gel with a small amount of distilled water
(per 100 g with 3 ml) was added into the column. Then
1 cm of anhydrous sodium sulfate was added to the top
of the column.

Preparation of samples

For water phase, the concentrated extracts of the PAEs
were transferred to the top of the clean-up columns, and
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Fig. 1 Sampling stations in the Yellow River

were then concentrated by rotary evaporator to 2 ml,
which could be detected by GC-FID.

For particulate phase and sediments, samples were
removed of sundries, such as stones, plant branches
and leaves. After the samples were dried by air in dark
conditions, they were grinded and sieved (20 mesh). A
total amount of 20.00 g of sediment or 5.00 g of sus-
pended particulates were placed into a conical flask
of 500 ml capacity, and 80 ml of carbon bisulfide was

added. The flask was shaken vigorously on a mechan-
ical shaker for 30 minutes (200 r/min). After settling,
organic phase was collected, and above procedure of
extraction was repeated 2 times. Then all the collected
organic phase extracted for 3 times was concentrated by
rotary evaporator and purified by the clean-up columns.

Clean-up procedure was as follows, the columns
were pre-rinsed with 20 ml hexane and the eluate was
discarded. The concentrated extract (2 ml) was then

Table 1 Detailed description of sampling stations

Station Name Location Station Name Location

M 1a Xiaolangdi E112.38 ◦; N34.92 ◦ T 8b Luoyang E112.65 ◦; N34.87 ◦

M 2 Mengjin E112.57 ◦; N34.86 ◦ Petrochemical Channel
M 3 Mengzhou E112.66 ◦; N34.84 ◦ T 9 Mengzhou Channel E112.71 ◦; N34.85 ◦

M 4 Jiaogong E112.81 ◦; N34.81 ◦ T10 Yiluo River E112.93 ◦; N34.70 ◦

Bridge T11 Xinmang River E112.87 ◦; N34.90 ◦

M 5 Zhengzhou E113.72 ◦; N34.92 ◦ T12 Mangqin River E113.44 ◦; N35.01 ◦

M 6 Kaifeng E114.35 ◦; N34.91 ◦ T13 Tianran Wenyan E115.00 ◦; N35.37 ◦

M 7 Dongming E115.09 ◦; N35.40 ◦ Channel.

Thirty-six water samples were collected from twelve stations (M1, M2, M4–M7; and T8–T13),five suspended
particle samples were collected from 5 stations (M4–M7 and T10), and thirty-six surface sediment samples
were collected from twelve stations (M1–M7 and T8, T10–T12).
aM: main river.
bT: tributary.
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transferred to the top of the column, and it was rinsed
with 40 ml of hexane at a rate of 2 mL/min. Then, the
eluate was discarded, and 80 ml of rinsing solution
(hexane/aether with the volumetric proportion 7:3) was
added and the eluate was collected. Finally, the eluate
of PAEs were concentrated by rotary evaporator to 2 ml
and detected by GC-FID.

Chromatographic conditions

Chromatographic analyses were performed using a
GC-FID (Gas Chromatographic Flame Ionization De-
tector) equipped with a DB-5 elastic quartz capil-
lary chromatographic column (30 m × 0.32 mm ×
0.11 μm). The carrier gas was nitrogen at a flow-rate
of 1.0 mL/min, the initial pressure was 100 kPa, and
the final pressure was 245 kPa. The detection used split
stream sampling with the procedure as follows, the split
ratio was 20 for 0 ∼ 0.01 min, it was 0 for 0.01 ∼
2.00 min, and it was 20 again 2.00 min later; the vol-
ume of the injected samples was 0.4 μL. The tempera-
ture raising procedure was from 30 ◦C (keep 2 min) to
200 ◦C at a rate of 20 ◦C/min, and then to 280 ◦C at a
rate of 5.0 ◦C/min (keep 5 min), with a total run time of
31.50 min. The injection temperature and the detector
temperature were both 280 ◦C.

Quantifications of PAEs were done with the calibra-
tion curves of which the correlation coefficients were
all higher than 0.99. Recoveries of PAEs in water sam-
ples ranged from 85.3 to 105.8%, and in particulates
phase ranged from 80.9 to 99.4%.

Results and discussion

PAEs content in water

Tributaries

Concentrations of PAEs in water samples from the trib-
utaries (T8 to T13) ranged from 15.80 × 10−3 to 49.53
× 10−3 mg/L (Table 2). The concentrations of PAEs
in the Mengzhou Channel (T9), Yiluo River (T10) and
Xinmang River (T11) were found to be at a similar
level. The highest contents of PAEs were detected in
the Mangqin River, which was caused by its heavily
polluted branch (Mang River) (Zhao et al., 1998). Be-
cause waste water produced by Luoyang petrochemi-
cal company is discharged to the Luoyang petrochem- T
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ical Channel (T8), the PAEs concentrations of T8 were
2 times greater than those in T9, T10 and T11. Com-
pared with the PAEs in the corresponding stations of the
main river, the levels in the tributaries were generally
higher.

Main river

Concentrations of PAEs in water samples from the
main river (M1 to M7) ranged from 3.99 × 10−3

to 45.45 × 10−3 mg/L (Table 2). There was first
a decreasing and then an increasing trend from
the upstream Xiaolangdi station to the downstream
Dongming station. Among the stations in the main
river, the Xiaolangdi had the highest levels of PAEs.
This was due to local contamination caused by hu-
man activities such as the plastic waste disposal from
tourists of the Dam as well as pollution from the upper
reach. However, the content of Mengjin Bridge (M2)
dropped one order of magnitude (5.66 × 10−3 mg/L) .
This was maybe caused by the degradation and sorp-
tion of PAEs on suspended particulates. At Zhengzhou
(M5), the PAEs concentrations rose to more than 3
times of that at the Jiaogong Bridge, which was mainly
due to the afflux of the three tributaries (Yiluo River,
Xinmang River and Mangqin River) where the PAEs
contents were much higher than that in the Jiaogong
Bridge. The PAEs contents for the three tributaries
were 17.48 × 10−3, 15.80 × 10−3, 49.53 × 10−3 mg/L,
respectively. Although there was a tributary, Tianran
Wenyan Channel (T13), of which PAEs were higher
than those of the main river, the contamination levels
of PAEs in the Dongming Bridge (M7) declined a little
from that in Kaifen (M6), this was possibly caused by
the self-purification capacity of the river.

The relative proportions of the 5 PAEs in all stations
of either the main river or the tributaries were similar,
and in the following order: DEHP > DBP > DOP >

DEP > DMP. According to the Surface water Qual-
ity Criteria of China (GB3838-2002), the limit values
of DBP and DEHP for drinking water sources were
0.003 and 0.008 mg/L respectively. Among the 5 stud-
ied PAEs, the concentrations of DEHP exceeded the
Quality Standard in all the main river and tributary sta-
tions except those in the Mengjin and Jiaogong Bridge,
indicating the widespread use of DEHP in the water-
shed. This made clear that the contents of PAEs in the

middle and lower reaches of the Yellow River were on
the high side.

PAEs content in suspended particulates

Suspended particle samples from four sampling sta-
tions in the main river and one from a tributary Yiluo
River (T10) were analyzed for the 5 PAEs. As sum-
marized in Table 3, PAEs concentrations were on
the upward trend in suspended particles from the
Jiaogong Bridge (40.56 mg/Kg) to the Dongming
Bridge (94.22 mg/Kg) in the main river, and the concen-
trations of PAEs in the Yiluo River were significantly
higher than those in the main river. This was mainly
due to the conflux of two branches (the Yi River and
the Luo River) which were severely polluted. There
were many plants including pesticide factories, fertil-
izer plants, paper mills and printing plants along the two
branches, and most of them discharge too much waste
water to the river, which caused the high contents of
PAEs in the Yiluo River.

In this study, we performed a correlation analysis of
the particle size, TOC (Table 4) and PAEs concentra-
tion of suspended particles, and the results showed that
there was no significant correlation between the con-
centrations and the two factors. Further analysis of the
ratio of PAEs concentration (K) in suspended to wa-
ter phases also demonstrated no significant correlation
with TOC (Table 5).

Among the five studied PAEs, DEHP, the most often
used phthalate ester, had the highest concentration in
samples. Therefore, we took DEHP as an example to
study the distribution of PAEs between water and solid
phases. Based on the concentrations of DEHP in wa-
ter and suspended solid phases, the calculated Koc of
DEHP in the main river were shown as follows: Jiao-
gong (6.0 × 105 L/kg), Zhengzhou (1.5 × 106 L/kg),
Kaifeng (1.3 × 106 L/kg), Dongming (1.4 × 106 L/kg).
Compared with the theoretical value of Koc for DEHP
(2.0 × 109 L/kg) (Hu Xiaoyu, 2003), the calculated Koc
in the river were three orders of magnitude smaller than
the theoretical value. This inferred that PAEs were not
on the equilibrium between water and suspended solid
phases. Therefore, the concentration of PAEs in sus-
pended solid phases did not depend on the TOC of
solid phases, leading to that there was no significant
correlation between PAEs concentration and TOC in
suspended solid phase.
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Table 5 Calculated ratio
(K) of PAEs in suspended to
water phases

K (L/kg)

Sampling locations DMP DEP DBP DEHP

Jiaogong – 209.3 – 1.7 × 103

Zhengzhou 5.6 × 103 51.7 – 2.6 × 103

Kaifeng 2.3 × 103 – – 2.2 × 103

Dongming 2.8 × 103 341.3 – 3.4 × 103

Yiluo River 1.1 × 104 85.6 3.8×103 2.0 × 104

“–” not calculated (for the
concentration in water was
not detected)

PAEs content in sediment

Tributaries

Sediment samples collected were analyzed for the 5
PAEs, and the concentrations in the tributaries var-
ied greatly, with samples from the sewage of Luoyang
Petrochemical Channel (T8) having the highest PAEs
levels, possibly because of their high concentrations
of PAEs used as raw materials for production and low
flux (only 0.2 m3/s) (Table 6). High concentrations of
PAEs were also found in sediment from the Yiluo River
(T10), Xinmang River (T11) and Mangqin River (T12),
and they declined in turn. Among the three tributaries,
Mangqin River had a branch (Mang River) where there
was a great quantity of sewage from Meng County Seat
discharged into the river course (Zhao et al., 1998),
which was the main pollution source of PAEs in the
Mangqin River.

Main River

The concentrations of PAEs in sediments had small
fluctuations along the the main river (Table 6), with the
highest level in the Mengjin Bridge (85.16 mg/Kg) and
lowest in Xiaolangdi (30.52 mg/Kg).

In the Xiaolangdi station (M1), concentrations of
PAEs were higher in water but lower in sediment than
those in other stations of the main river (Fig. 2), in-
dicating the weak transference of PAEs between dif-
ferent media. From Xiaolangdi to the Mengjin Bridge
(M2) (26 km), there was a distinct decline of PAEs con-
centration in water, while the opposite was the case
for the concentration in sediment, which demonstrated
that PAEs were accumulated in sediment by absorption
from the water phase.

The pollution level in the Jiaogong Bridge (M4)
was a little lower than that in the Mengjin Bridge
(Fig. 2). There were two branches converging into the

main river in the section between M4 and M2, one is
Luoyang Petrochemical Channel (T8), and the other
is Mengzhou Channel (T9). T8 was heavily polluted
but with lower water flow (0.2 m3/s). In contrast, PAEs
contents in the sediment of T9 were lower than those in
M2 (Table 6) and the water flow was relatively higher.
Therefore, the afflux of these two branches would lead
to the decrease of PAEs content in the sediment of
the main river. Moreover, it was in correlation with
the characters of the sediment. The particulates in the
Jiaogong Bridge were mainly composed of coarse par-
ticles (67% particles were over 0.05 mm) and TOC con-
tent was very low (0.04%), which resulted in the low
sorption of PAEs in sediment.

PAEs contents in the sediment of Zhengzhou (M5)
was 45.70 mg/kg, which were lower than those of the
Jiaogong Bridge (M4). The particle size of the sediment
in Zhengzhou (M5) was larger than that in the Jiaogong
Bridge (M4), and the TOC content of M5 was lower
than that of M4. This led to relatively weaker sorption
capacity of sediment for PAEs in M5. On the contrary,
PAEs concentrations in M5 were higher than those in
M4 in water phase as a result of the afflux of three
tributaries which has been stated above.

It was 105 km from Zhengzhou to the Kaifeng
Bridge (M6), and there was no tributary afflux into
the main River. Monitoring results showed lower PAEs
concentrations in sediment of the Kaifeng Bridge
as compared with that in Zhengzhou, notwithstand-
ing high TOC (0.14%) and fine particles. The phe-
nomenon could be possibly explained by the lack of
pollution sources in this section and degradation of
PAEs. PAEs concentrations reached 63.96 mg/kg in the
Dongming Bridge (M7) in the downstream of the Yel-
low River, which were higher than those in the Kaifeng
Brigde. This was due to the severely polluted reach of
Tianran Wenyan Channel (T13). The same increas-
ing trend of PAEs was also found in suspended par-
ticles, while it was on the contrary in the water phase.
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Fig. 2 Distribution of PAEs in different media along the main
stream of the Yellow River.

This could be attributed to the PAEs transference from
water to sediment and suspended particles. Further-
more, PAEs concentrations in suspended particles were
higher than those in sediment of the section between
Zhengzhou and Dongming.

As stated above, there were mainly three factors af-
fecting the distribution of PAEs in sediment in the main
river: the inputs of the tributaries, the sewage discharge
caused by human activities and the characteristics of
sediment particulates. The pollution contribution of dif-
ferent PAEs showed that DEHP and DBP accounted for
a larger proportion. For instance, DEHP concentrations
in 7 sampling locations from the main river accounted
for 49.26% of the whole PAEs quantities. Meanwhile,
the calculated Koc of DEHP between sediment and
water phases were all below the theoretical value. It
inferred that DEHP did not achieve equilibrium distri-
bution between sediment and water phases; as shown
above, this was also the case for the distribution of PAEs
between suspended solid and water phases. Therefore,
it can be deduced that PAEs tend to migrate from water
to sediment and suspended solid phases, and the sedi-
ment and suspended solid particles have the potential
to sorb more PAEs.

Comparison of PAEs levels in the Yellow river
with other rivers around the world

As DBP and DEHP are widely used and difficult to
be degraded, they were relatively higher than other
PAEs in aquatic environment around the world and
were widely studied. Therefore, concentration ranges
for these two PAEs analyzed in water and sediment T
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samples in this study were compared with other re-
ported data from different rivers in other countries. As
shown in Table 7, the levels of PAEs in water from
the present study were almost the same as those from
the other rivers except the River Klang (Malaysis) and
Elizabeth Harbor. According to Fatoki’s research, the
higher concentration of PAEs in the Elizabeth Har-
bor might be due to local contamination from har-
bor activities including refuse disposal from ships that
dock and from storm water/streams discharges from
urban/industrial areas around the harbors (Q. S. Fa-
toki and A. Noma, 2002.). However, PAEs in sediment
of the Yellow River were much higher than those of
other countries. This was possibly caused by the spe-
cial characteristics of sediment and water environment
of the Yellow River.

The findings of water and sediment analysis were
also compared with reported results from the literature
data on different rivers in China (Table 8). PAEs levels
in water of the main river in this study were similar to
those found in other rivers of China, except substan-
tially lower than those in Kunming Lake (A Lake in
the center of Beijing City). On the contrary, the con-
tamination levels of PAEs in sediment of the Yellow
River were much higher than those of other rivers in
China, this is possibly caused by the special water en-
vironment of the Yellow River. The Yellow River runs
trough North China on its way to the Bohai Sea; it has
been subjected to continuous pollution for scores of
years for the development of economy, with pollution
sources including municipal sewage, industrial waste,
and emission from farms. A lot of reasons resulted
in the severe actuality of PAEs contamination in the
Yellow River. This indicates that more attention must
be paid to pollution control and further assessment in
understanding risks associated with human health.

Conclusions

In this study, samples of water, sediment and suspended
particulates were collected from 13 sites in the middle
and lower reaches of the Yellow River in China. PAEs
concentrations in different phases of each sample were
determined, and the conclusions are shown as follows:

(a) In the Xiao Langdi-Dongming Bridge section, PAEs
concentrations in water phase of the main river
ranged from 3.99 × 10−3 to 45.45 × 10−3 mg/L,

and that of the tributaries ranged from 15.80 × 10−3

to 49.53 × 10−3 mg/L, which were much higher
than those of the main river. Meanwhile, the lev-
els of PAEs in water from the present study were
almost the same as those from the other rivers in
the world except the River Klang (Malaysis) and
Elizabeth Harbor.

(b) In the studied branches, the concentration of PAEs
in sediment of Luoyang Petrochemical Channel
(331.70 mg/Kg) was the highest;the concentrations
of PAEs in sediment phase of the main river were
30.52 to 85.16 mg/Kg, which were much higher than
those of other rivers in both China and other coun-
tries; the variation of PAEs in sediment of the main
river was mainly influenced by the inputs of the
tributaries, the sewage discharge caused by human
activities and the characteristics of sediment in the
Yellow River.

(c) The range of PAEs concentrations in suspended par-
ticulates was from 40.56 mg/Kg to 94.22 mg/Kg. In
addition, there was no significant correlation be-
tween the contents of PAEs and TOC or particle
size of the solid phase; and the calculated Koc of
DEHP in the river were smaller than the theoret-
ical value, which inferred that PAEs were not on
the equilibrium between water and suspended solid
phases/sediment.

(d) Among the measured PAEs compounds, the propor-
tions of Di (2-Ethylhexyl) Phthalate (DEHP) and di-
n-butyl phthalate (DBP) were higher than the others.
In this study, DEHP concentrations in sediment of
7 sampling locations from the main river accounted
for 49.26% of the total PAEs quantities. The con-
centrations of DEHP in water phase exceeded the
Quality Standard in all the main river and tributary
stations except those in the Mengjin and Jiaogong
Bridge of the main river.
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