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ABSTRACT
Nat. Env. & Poll. Tech.
Website: www.neptjournal.com Lihe River as an important water conveyance canal of diversion project from Luanhe River to Tianjin should
Received: 14-5-2013 convey 40-50 m¥/s water in each spring and autumn. With the variation of water discharge, the sediments
Accepted: 4-7-2013 with poor viscosity and great suspension capability were very prone to re-suspension and pollutants release
easily. In order to study the effects of pollutants release in sediments on river during water diversion period
Key Wo rds: and set out proper protection scheme to prevent the second pollution, experiments were done to make clear
Lihe river the levels of accumulation and release mechanism of pollutants in sediments. First, compared with those in
Water conveyance canal Haihe River, Wulihu Lake and Xuanwuhu Lake, the average content of organic matters of sediments in Lihe
Sediments River was 0.21%, lower obviously, TP with the average value of 5.18 mg/kg was much higher, while TN
Pollutants reaching 2.99 mg/kg, alittle higher than others. Second, water diversion indeed made pollutants in sediments

release quickly and threaten water quality seriously. TN was the main pollutant, a high level in both river and
sediments, which kept releasing with the maximum release amount of 9.16 g/m? and intensity 4.2 g/m?/d and
had a great negative influence. TP and Fe with the maximum release amounts were 0.248 g/m? and 1.7
g/m? with maximum release intensities of 0.248 g/m?/d and 1.7 g/m?/d respectively. They released fast and
deposited also fast, and were the potential pollutants and the release amounts could not be neglected during
the initial water diversion period.

INTRODUCTION period. Second, N, P and organic matters concentrationsin
tributarieswere so high that affected the water quality seri-
oudy. Third, foritscatchmentswererichinironore, alarge
amount of suspended mattersin mineral tailrace filled with
iron (Fe) and manganese (Mn) were deposited at the bottom
of the river, especially during non-water diversion period.
While diversion water, silt sediments with poor viscosity
were very prone to re-suspension and pollutants rel eased
which aggravated water pollution. Thus, asto the water di-
verson safety, the pollutants adsorbed in the sedimentswere
potential threats.

As part of material and energy cyclein aguatic ecosys-
tems, sediments, on the one hand, are recipientsaccumul at-
ing sortsof nutrients and pollutants and reducing water pol-
lutionload (Wauer et al. 2005, Hamer & Karius2005, Li et
al. 2010). On the other hand, under certain conditions such
asmicrobial decomposition and sedi ments disturbance, pol -
lutants depodit or accumul atein sedimentsas new pollution

Lihe River as an important water conveyance canal of  sources, can re-rel eased tothe overlying water (Gainswin et
the famous project had special social and economic effects,  al. 2006, Polyak 2002, Lau & Chu 1999). Researches showed
which was contaminated severely because of threemaineco-  that, because of the release of sediments, the water quality
logical and environmental problems. First, itsuniquewater  of lakes did not improve as anticipated after intercepting
conveyance function led to great changesin water quantity  exogenous contaminants (Trolle et al. 2009, Vicente et al.
between water diversion period and non-water diversion  2010). Similar to the non-point source pollution, release

According toincomplete gatigtics, there are no lessthan 160
huge water diversion projectsall over theworld, which can
be found in almost every major river on the earth, such as
GangesinIndia, Nilein Egypt, Amazon in South America,
Mississippi in North America (Aubertin et al. 2006). To a
certain extent, water diversion projects optimized regional
water resources alocation, alleviated water shortage and
accelerate economic development. However, they also
brought some ecol ogical and environmental problemsat the
sametime.

Diversion project from Luanhe River to Tianjin, a fa-
mous comprehens ve hydraulic engineering in Chinainclud-
ing inter-basin water diversion, conveyance, storage, purifi-
cation and distribution systems, becamethelifeline of Tianjin
for providing the significant material basisfor survival and
development.
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Fig.1: Three sampling sites of Lihe River.

period, space, approach and rel ease intensity of endogenous
contaminantswere uncertainty (Lai & Lam 2008, Suomela
et al. 2005, Cibic et al. 2008).

Nowadays, sediment in surface watersis amajor envi-
ronmental issue both nationally and internationally, focused
by more and more researchers (El-Sammak 2001, Diaz-
Asencioet al. 2009, Atgin et al. 2000, Reczynski et al. 2010,
Yi 2008). Most people paid great attentionto relatively static
water body such aslakesand reservoirs (Lewiset al. 2007,
Kim et al. 2003, Beutel 2006, Sen 2007). Compared to them,
rivers, especially the water conveyance canalswith differ-
ent hydraulic conditions, influenced more heavily by pol-
[utants release in sediments (Minh et al. 2007). In order to
study the effects of pollutantsrelease in sedimentsin river
during water diversion period and set out proper protection
scheme to prevent the second pollution, experiments were
done to make clear the levels of accumulation and release
intensities of pollutantsin sediments of Lihe River.

MATERIALS AND METHODS

Lihe River originates from Yanshan Mountain in Qianxi
County, Hebei Province, flowing from northeast to south-
west through Zunhua City of Hebei Province and Ji Coun-
try of Tianjin, ultimately into Y ugiao Reservoir. Sampling
stations were distributed in the upper, middle and lower
reaches of Lihe River respectively, named S1, S2 and S3
(Fig. ).

On August 3" and October 24, 2008, sediment samples
were collected from the three stationsto analyse the levels
of accumulation of pollutants at different stations. At each
dtation, three layersof samples(0-5 cm, 5-20 cm, 20-40 cm)

were collected to analyse pH, TN, TP, NH_-N, NO,-N and
organic matter.

For immers on experiments, mixture of sedimentsintwo
typical stations S2 and S3 with weigh of 7.5 kg were
separately-put into two water tanks with the volume of
42 x 30 x 34 cm, signed 1# and 2#. Then 20 L water taken
from the upper reach of Lihe River was added to submerge
the sedimentsin water tank 1#, whilethe ssmevolume 20 L
of distilled water was put into water tank 2#. Another water
tank with 20 L tap water wasused to calibrate water evapo-
ration in the process of theimmersion experiment. Concen-
trations of pH, TN, TP, COD,, and Fe in soaking water of
tank 1# and 2# were monitored onthe 1%, 39, 5, 10, 15",
20M, 30M, 40t 50" and 60" day until a relative balance
emerged (50 mL soaking water onetime). Air and water tem-
peratureswere recorded too.

Chemical analysis of soil sampleswere conducted based
on procedural regulationsregarding the environmenta qual -
ity monitoring of soil (NY/T 395-2000), while analysis of
soaking water was based on standard methodology (China
Standard Press 1998).

RESULTS AND DISCUSSION

Li River asapiedmont seasonal river isusually dry, except
during the flood season. From August 1983 on, chosen to be
awater conveyance canal of diversion project from Luanhe
River to Tianjin, it should convey 40-50 m¥/swater in each
spring and autumn. The dramatic changes of inflow water
conditions made it different not only in the water environ-
ment but also in the river bed. During non-water diversion
period, the discharge was so small, close to none, and the
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Table 1: Concentrations of nutrients in sediments of Lihe River in August and October, 2008.

Nutrients August October
S1 S2 S3 S1 S2 S3

pH 8.24 8.40 8.42 8.22 8.43 8.47

OM (g/kg) 181 4.27 1.19 217 1.50 147

TP (g/kg) 7.89 4,86 7.79 274 3.70 4,08

TN (g/kg) 453 2.69 3.08 277 248 2.38

NO,-N (mg/kg) 24.48 12.22 6.86 0.98 217 0.65

NH,-N (mg/kg) 5.33 11.46 9.10 14.96 8.73 9.82
Table 2: Pollutants accumulation levels of sedimentsin different water bodies.

Nutrients OM (%) TN (mg/kg) TP (mg/kg)

Lihe River 0.21 2.99 5.18

Wulihu Lake 4,07 2.25 1.50

Xuwuhu Lake 2.30 1.93 1.02

Haihe River 6.25 2.39 0.97

concentration of pollutantsin tributarieswere high, leading
to the poor water quality of main stream and pollutants de-
positing in sediments. However, when diversion water,
with the variation of water discharge, the sediments with
poor viscosity and great suspension capability were very
proneto re-suspension and pollutantsrelease easily (Maria
et al. 2009, Liebenset al. 2007, Kotrba et al. 2009, Shin &
Lam 2001, Perianez 2004).

Pallutant concentr ationsin sediments; Compared withthe
two chemical analysisresults of sedimentslistedin Table1,
the differences were great, because there wasa small water
transport between August and October. Except for theNH,-
N, the concentrations of organic matters, TN, TPand NO,-
N in August were significantly lower than thosein October,
demonstrating water diversion indeed made pollutants in
sediments release quickly and threaten water quality seri-
ously. Concentrations of organic matters, TP, TN, NH,-N
and NO,-N ranged from 0.91-9.20 g/kg, 1.74-8.64 g/kg,
0.72-5.42 g/kg, 3.15-21.42 mg/kg, and 0.31-41.16 mg/kgre-
spectively. Furthermore, compared withthosein Haihe River,
Waulihu Lake (in 2002 before dredging) and X uanwuhu Lake
(in 2007 before dredging) (Table 2), the average content of
organic matters of sedimentsin LiheRiver werelower obvi-
oudly, resulting form sandy gravel river bed, large gradient
and high concentration of dissolved oxygen. TP was much
higher than those in other water bodies. This may be be-
cause of alarge amount of the unique mineral powder sus-
pension in the water, which has a high adsorption ability to
pollutantsespecially to P (Gainswin et a. 2006, Waver et al .
2005, Vermaat & Bouwer 2009, Wu et al. 2009, Jiang et al .
2008, Wang et al. 2008). And this speculation was verified
by the immersing experiment.

Simulation experiment of pollutants release: The soak-
ing water in water tank 1#wastaken from the upper reach of
Lihe River. According to the Class of the Surface Water
Quality Standards of China (GB3838-2002), concentrations
of COD,, , TP, NH_-N inthe soaking water of water tank 1#
were met with the standard. Meantime, concentrations of
NO,-N and Fe met with the centralized drinking water source
standards while Mn was below the detection limit.

In the process of soaking experiment, pollutant concen-
trationsin soaking water of water tank 1# and 2# were var-
ied constantly. The main pollutants-N, P and Fe were moni-
tored to study the release discipline and intensities of
sedimentsin LiheRiver.

TN concentrations in soaking water of the two boxes,
both presented steady increase (Fig. 2), higher than back-
ground value, which means TN in sediments kept releasing
and had agreat negative influenceon river. That intank 1#
quickly rose to 5.92 mg/L on the first day and reached the
highest of 13.46mg/L on thesixtieth day, asthe background
value was 2.95 mg/L. Among all the pollutants, its maxi-
mum rel easeamount of 9.16 g/m? and intensity of 4.2 g/m?/d
were, both highest while rel ease period was the longest too.
Consistence with the experiment results, water quality of
Lihe River in October 2008, the water diversion period,
showed that TN concentrations kept rising from the upper
reachesto thelower. Inaddition to the pollutantsintributar-
ies, the high level of TN in sediments was a major factor
aggravating water quality. TN wasthemain pollutantinLihe
River.

TPand Fe concentrationsin soaking water showed asimi-
lar trend that reached the highest concentrationson thefirst
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Fig.2: The variations of TN concentrations in soaking water.

Fig. 3: The variations of TP concentrations in soaking water.
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Fig.4: The variations of Fe concentrationsin soaking water.

day and then decreased gradually (Figs. 3 and 4). TP con-
centrationsrose from 0.051 mg/L to 0.226 mg/L onthefirst
day and then dropped to arel ative balance, meeting Class of
the Surface Water Quality Standards of China (GB3838-
2002). Fe concentrationsincreased from background value
of 0.18 mg/L to 1.37 mg/L on thefirst day and then declined
to 0.26 on the third day, lower than detection line after the
fifth day. TP and Fe released fast and subsidence was also
fast, with the maximum rel ease amounts of 0.248 g/m? and
1.7 g/m?, and maximum release intensities of 0.248 g/m?d
and 1.7 g/m?/d respectively, which can not threaten water
safety serioudy in along term. Whereasthey were still the
potential pollutants and the release amounts could not be
neglected during theinitial water diversion period.

Specia among pollutants, COD,, concentrationsin soak-
ing water were lower than the background value and changed
dightly, ranging from 2.40 mg/L to 3.14 mg/L , which stated
that COD,, could be absorbed by sediments, with a maxi-
mum adsorption capacity of 2.29 g/m?(Fig. 5). It could be

Vol. 12, No. 3, 2013 - Nature Environment and Pollution Technology

Fig. 5: The variations of COD,, , concentrationsin soaking water.

seen that organic matters concentrations would decrease
continuoudly if there wasno pollution discharge along Lihe
River.

CONCLUSIONS AND SUGGESTIONS

1. Withthevariation of water discharge, the sedimentswith
poor viscosity and great suspension capability werevery
proneto re-suspension and pollutantsrelease easily.

2. Compared with the two chemical analysis results of
sediments, expect for the NH_-N, the concentrations of
organic matters, TN, TP and NO,-N in August were sig-
nificantly lower than thosein October, showing that wa-
ter diversion indeed made pol lutantsin sedimentsrelease
quickly and threaten water quality serioudly.

3. Concentrations of organic matters, TP, TN, NH_-N and
NO,-N in sedimentsranged from 0.91-9.20 g/kg, 1.74-
8.64 g/kg, 0.72-5.42 g/kg, 3.15-21.42 mg/kg, and 0.31-
41.16 mg/kg respectively. Compared with those in
different water bodies, the average content of organic
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mattersof sedimentsin Lihe River were lower obvioudy,
resulting from sandy gravel river bed, large gradient and
high concentrations of dissolved oxygen. TP was much
higher than those in other water bodies. That may be
because of alarge amount of the unique mineral powder
suspension in the water, which has a high adsorption
ability to pollutantsespecially to P.

4. TN insedimentskept releasing and had a great negative
influence on river. Among all the pollutants, its maxi-
mum release amount of 9.16 g/m? and intensity of 4.2
o/m?/d were the highest whilerel ease period wasthelong-
est. TN concentrationsin river and sediments were both
in ahigh level, which wasthe main pollutant.

5. TP and Fe released fast and subsidence also fast, with
the maximum release amounts of 0.248 g/m? and 1.7
g/m2, and maximum release intensities of 0.248 g/m?/d
and 1.7 g/m?d respectively, which can not threaten wa-
ter safety seriously inalong term, but still the potential
pollutantsand the rel ease amounts coul d not be neglected
during the initial water diversion period.

6. COD,, could be absorbed by sediments, with a maxi-
mum adsorption capacity of 2.29 g/m?. It could be seen
that organic matters concentration would decrease con-
tinuoudly if there was no pollution discharge along Lihe
River.

7. Inorder toimprove thewater quality of Lihe River and
ensure water supply safety, proper measures should be
taken: (&) Control non-point source pollutions; (b) Lo-
cal sedimentsdredging; (c) Ecological treatment in the
tributary.
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