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Abstract: A plastic mixture construction technology using
MBER (material becoming earth into rock) soil stabilizer is
introduced and the water quality of a solidified soil cistern
using the technology is analyzed. Rainwater was harvested in
July, 2012. Water quality of runoff and cistern water after
storage was measured, including turbidity, chemical oxygen
demand ( COD),
Results show that pollutant concentrations in runoff decreased

total nitrogen, nitrate, and ammonia.
with time, indicating that runoff in the early time should be
removed. Nitrate concentrations in cistern water increased
after storage, while the remaining parameters decreased.
Measured pollutant concentrations did not exceed the limit
according to the standard for drinking water in China. It can
be concluded that the solidified soil cistern with plastic
mixture construction technology can provide available water
for domestic use.
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‘x Jith increasing demand of water resources, water

shortage is becoming an important factor to restrict
the economic development and ecological environment
construction in arid and semi-arid areas, such as the Lo-
M According to the Bulletin of First National
Census for Water, there are nearly 60 thousand distribu-
ted water supply projects in China, and the beneficiary
population reaches about 163 x 10°"*!.
tion is an important kind of distributed water supply type,

ess Plateau

Rainwater utiliza-
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and it is proved to be a useful way to lessen water re-
sources shortage'”™' .

Storage equipment is a core component for rainwater
harvesting and utilization, and the common materials are
red clay, cement mortar, concrete or plastic sheets and so
on. However, the disadvantages of these materials are
obvious, such as complicated application technology,
high cost, poor durability, which have greatly limited the
development of rainfall harvesting and utilization technol-
ogym. Therefore, an economical, efficient and environ-
ment-friendly cistern material and the corresponding tech-
nique are required. MBER"” (a material becoming earth
into rock) soil stabilizer is a new kind of building materi-
al and can significantly enhance the strength of soil and
improve soil anti-seepage performance. The objectives of
this research are to introduce a special construction tech-
nology using MBER soil stabilizer—plastic mixture con-
struction technique. And then the cistern water quality is
analyzed in comparison with harvested rainwater and run-
off.

1 Material and Methods
1.1 MBER soil stabilizer and plastic solidified soil

MBER"" soil stabilizer comprises of cementitious ma-
terials, alkaline catalysts, surfactant and slag, and so on.
This material is a new kind of cheap and environment-
friendly material, which can improve and enhance the
mechanical property of soil and make soil into a stable
and durable component through reacting with various
types of soil. The solidified soil has the properties of re-
sisting compression, impermeability and freeze proof by
compacting and rolling after mixing with the soil and wa-
ter according to a given proportion. Moreover, the
MBER soil stabilizer can not only use the natural soil and
local materials, which reduces the transport burden of
sand and stone, but also use or deal with some common
industrial wastes such as fly ash, coal rock, mine refuse,
steel slag and other materials. Therefore, it has the advan-
tages in economic and environmental protection.

According to the construction characteristics, the solid-
ified soil can be divided into two categories, the dry hard
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solidified soil and the plastic solidified soil. MBER soil
stabilizer and water are compounded to make the plastic
solidified soil, and the plastic solidified soil has high
moisture content and low buck density. Both mechanical
and artificial methods can be used in the construction.
The simple program of construction makes it easy to use
in practice. Fan et al. """ studied the physicochemical
action and mechanism of stabilized soil, and gave a de-
signing and molding technology for the construction of
runoff-collecting area and cisterns with MBER soil stabi-
lizer. Rainwater harvesting systems using MBER soil sta-
bilizer have been effectively applied and popularized in
the Loess Plateau at present.

1.2 Construction technology of plastic solidified soil
cistern

Fan et al. """ gave the construction technology and ma-
intenance process of the plastic solidified soil cistern.
Plastic mixture was made by soil, MBER soil stabilizer,
water, fibre and etc. Water content is liquid limit, mak-
ing the mixture in flow state. Fibre is used to avoid crack
caused by dry shrinkage, and mesh fabric is used to im-
prove tensile strength. Slurry seal technology is used to
improve the durability.

The plastic solidified soil cistern has a good application
prospect in the areas with good geological conditions of
soil layer, and it also has a high strength and seepage per-
formance. The details of the process are as follows: con-
struction lofting—excavation—bottom rammer—soil sie-
ving—adding soil stabilizer and fibre—making slurry—
solidifying wall-—adding mesh fabric—secondary consoli-
dation—bottom treatment—maintenance—covering
plate—earthing—adding handrail and water pipe.

The construction technology mainly includes the fol-
lowing steps:

1) Dug and make the cistern shape according to the re-
quirements, and then make the inner surface rough.

2) Sieve the soil with 10 mm mesh screen, and soak
soil to make slurry, then lay aside at least 24 h.

3) Stir the slurry to make it well-distributed.

4) Add fibre of 2.0 to 4.0 kg/m’ and soil stabilizer of
100 to 200 kg/m’ into the slurry. Mix and stir the mix-
ture, and form fibre-solidified soil seriflux.

5) Spary the mixture of MBER soil stabilizer, soil,
water and fibre to the surface, and tamper the mixture.

6) Add the mesh fabric to the surface, and fix it.

7) Solidify and tamper for the second time to make a
structure which comprises of soil, solidified fiber soil,
mesh fabric and solidified fiber soil.

8) Maintain the cistern wall and bottom about 2 d by
sprinkling water. When the solidified soil has a certain
strength, add 0.1 to 0.2 m’ water and close the cistern
inlet. Then keep on conserving for about 10 d.

1.3 Applications of plastic solidified soil cisterns

Two solidified soil cisterns have been built by the

above method at the experimental base of the National
Engineering Center of Water Saving Irrigation at Yangling
and Dingbian in Shaanxi province, respectively. This
construction technology combines the advantages of good
water quality of clay cistern and high strength and good
durability of concrete cistern. The infiltration index of the
cistern is less than 10 ~* cm/s and the service life is up to
15 to 20 years as that of the same as the concrete cistern.
Moreover, the cost of this new kind of cistern with little
environmental pollution is just cistern third of that of con-
crete cistern. The high strength and anti-seepage property
can meet the requirements for durability and seepage, and
the water quality is well at the same time!'*"”'. This de-
vice is easy to be popularized in rural areas especially in
the area without sand-gravel material such as the Loess
Plateau, and has important practical significance for re-
ducing water and soil loss and promoting the development
of supplementary irrigation agriculture with harvesting
rainfall in arid regions.

1.4 Samples collection and analysis

In order to further discuss the influence of the soil sta-
bilizer, the cistern water quality at the experimental base
of the National Engineering Center of Water Saving Irri-
gation at Yangling was tested. Rainwater was harvested
on July 9, 2012, and both rainwater and runoff samples
were collected. Cistern water was collected at 1, 2, 14,
24, 45 and 135 d after storage.

As the cistern water is mainly used for drinking water
or farmland irrigation, the water quality assessment here
is discussed based on the Standards for Drinking Water
Quality (GB 5749—2006) """
effect of soil stabilizer on the cellar water quality, turbidi-
ty, COD, total nitrogen, nitrate, and ammonia of the
samples were measured. Turbidity was measured by
HACH 2100P. The other parameters were measured by
HACH DR2800, using the spectrophotometer method.

According to the possible

2 Results and Discussion

2.1 Assessment of runoff water quality

Runoff samples were collected between 30 and 180 min
after rainfall. Temporal variations of pollutant concentra-
tions are shown in Fig. 1. TN concentration (see Fig. 1
(a)) was high at the beginning, and decreased rapidly
from 9.9 to 5 mg/L at 180 min. The variation of nitrate
(see Fig. 1 (a)) concentration showed the same trend,
and decreased from 4. 66 to 1.0 mg/L. Unlike the two
nitrogenous compounds, ammonia concentration ( see
Fig. 1(a)) increased from 0.6 to 1.6 mg/L. The initial
runoff had a high turbidity (see Fig. 1 (b)), which
reached around 120 NTU. Turbidity decreased to 120
NTU at 120 min and 30 NTU at 180 min. COD could re-
flect the amount of organic pollution of water. COD con-
centration (see Fig. 1(c)) decreased rapidly from 23 to 7
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mg/L during the first 60 min, and tended to be stable af-
terward. It is evident from this experiment that pollutants
concentrations in the runoff decreased with time, and ten-
ded to be stable at latter time. The catchment-surface here
was used as a courtyard, and the main source of pollution
was outside substances, which were carried and dissolved
into runoff. Therefore, the management of the catchment
surface is of importance in practical application. First,
the cleaning of the catchment surface should be done in
order to decrease the source of pollution. Secondly, the
initial runoff which contains a high amount of a pollutant
should be removed according to particular situations.
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Fig.1 Temporal variations of pollutants of runoff water sam-
ples. (a) TN, nitrate and ammonia concentrations; (b) Turbidity; (c)
COD concentration

2.2 Assessment of cistern water quality

Cistern water samples after storage were measured and
temporal variations of pollutants concentrations are shown

in Fig. 2. TN concentration ( see Fig. 2(a)) was 3.4
mg/L at the beginning, and increased to 7.4 mg/L on
the 14th day, and then decreased gradually to 2. 8 mg/L
afterward. Nitrate concentration ( see Fig. 2 (a)) de-
creased from 5.4 to 3.5 mg/L. Ammonia concentration
(see Fig.2(a)) decreased from 1.3 to 0.3 mg/L. Water
turbidity (see Fig. 2(b)) decreased from 91.4 to 31.5
NTU during the first 2 d, and decreased to 16 NTU on
the 24th day, and 3 NTU on the 45th day. COD concen-
tration (see Fig.2(c)) was 14.7 mg/L at the beginning,
and decreased to 7. 4 mg/L on the 14th day, and
increased to 10 mg/L on the 24th day, and decreased to
be around 3 mg/L at last. The increase of COD concen-
tration on the 24th day was due to the matter source and
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decomposition process of organic matter. COD represents
the status of organic pollution of the stored water, which
was mainly caused by reducing substances. As the stored
water was in a relatively closed environment, organic
matter from water body and deposited material could pro-
duce the reducing substances, and then increase the COD
concentration during the first days. The COD concentra-
tion increase in the stored rainwater was also reported by
Zhao et al'™ ',

It is evident from these results that pollutant concentra-
tions in cistern water during storage tend to be decreased,
which is due to the self-purification of the water body.
The decrease of turbidity is due to sedimentation and floc-
culation, while the decrease of COD and nitrogen com-
pounds is due to decomposition of organic matter by bac-
terium. Pollutants concentrations in cistern water after
storage do not exceed the standard for drinking water of
the distributed water supply, according to the Standards
for Drinking Water Quality (GB 5749—2006) .

2.3 Comparisons of water samples

To get an intuitive insight into the variations of pollu-

tants of different water types in the process of rainwater
harvesting and utilization, pollutant concentrations are
compared among harvested rainwater, runoff and cistern
water, and results are expressed by box and whisker plots
(see Fig. 3). The boxes indicate the lower and upper
quartiles and the central line is the median. The points at
the ends of the “whiskers” are the 2. 5% and 97.5% val-
ues. Turbidity (see Fig. 3(a)) and COD concentrations
(see Fig.3(b)) are in order of runoff > cistern water >
rainwater. TN concentrations ( see Fig.3(c)) are in order
of runoff > rainwater > cistern water. Ammonia concen-
trations ( see Fig.3(d)) are in order of rainwater > runoff
> cistern water. Nitrate concentrations ( see Fig. 3(e))
are in order of cistern water > runoff > rainwater. Pollu-
tant concentrations in runoff are higher than those in rain-
water to some extent. Pollutant (except nitrate) concen-
trations in cistern water are lower than those in runoff,
which is due to the self-purification of the water body af-
ter storage. Nitrate is the final product of the nitrogen re-
action, so the increase of nitrate concentration indicates
the decomposition of nitrogenous compounds by bacteri-
um.
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Fig.3 Box and whisker plots for several water quality parameters of harvested rainwater, runoff and cistern water samples.
(a) Turbidity; (b) COD concentration; (c) TN concentration; (d) Ammonia concentration; (e) Nitrate concentration

2.4 Relationship between turbidity and COD

The relationship between the turbidity and COD con-
centration of both runoff and cistern water samples is
shown in Fig. 4. The result indicates that there is a signif-
icant correlation (p =0.001) between the two parame-

ters, which means that the higher the turbidity, the higher
the COD concentration. This can be explained by the fact
that the two parameters share the same matter resource.
Turbidity is a measure of water clarity, and refers to how
much the suspended solids in water decrease the passage
of light through the water, and the suspended solids usu-
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ally include soil particles ( clay, silt and sand), algae,
plankton, microbes, etc. While the organic matter in the
water is mainly in an adsorption state, so turbidity and
COD in runoff have the same matter source. During the
storage, the sedimentation can decrease the amount of
suspended solids, and hence decrease turbidity and COD
concentration. This result is similar to the studies of Zhao
et al '™, Therefore, a decrease in turbidity often means a
decrease in COD pollution, which is an important princi-
ple in purification and improvement of water quality in
the process of rainwater harvesting and utilization.
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Fig.4 Relationship between turbidity and COD concentration

in runoff and cistern water samples

3 Conclusions

1) The water storage equipment made by tamping plas-
tic solidified soil mixture with fibre and mesh fabric can
The
mixture is made by mixing soil stabilizer and water ac-
cording to a given proportion.

2) The turbidity, COD, total nitrogen, nitrate, and
ammonia of water samples were measured. Pollutant con-
centrations in runoff decreased with time, indicating that
runoff in the early time should be removed. Nitrate con-
centration in cistern water after storage increased, while
the remaining decreased. A decrease in turbidity often
means a decrease in COD concentration. Cistern water af-

be used as a cistern to collect and store rainwater.

ter storage can meet the standards for drinking water. It
can be concluded that the solidified soil cistern with the
plastic mixture construction technique can provide availa-
ble water for domestic use from the point of view of water
quality.

3) The plastic solidified soil cistern can make full use
of local soil and water resources, and has the advantages
of low cost and easy construction process compared with
the traditional brick cement mortar cistern. So this device
has wide application prospects and popularization value in
water-scarce areas, especially in arid and semi-arid areas.
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