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Abstract: Desertification, which is mainly caused by over deforestation and global 
warming, is one of the environmental problems that leads to sand storm in cities, 
destroying of water balance, loss of farmland, and debris flow in raining seasons. 
Disposal of excessive activated sludge is another environmental issue which causes 
troubles in the operation of wastewater treatment plant because of the huge moisture 
content enlarging the volume and weight. On one hand, the desertification is due to 
loss of moisture content; on the other hand, moisture content is undesirable for 
activated sludge treatment. Based on this concept, this research aims to look for 
methods to develop Sand-Sludge Soil (SSS) to tackle desertification in the desert 
boundary. The optimal sand-sludge ratio will be studied according to moisture 
retention ability and plant growing characteristics. To improve the interaction among 
SSS-plant-microorganism in the micro-ecosystem, specific bacteria will be studied 
and used. 
 
Lab-scale experiments will be carried out on different weight fraction of sand-sludge 
mixtures with ratios of 20:80, 40:60, 60:40, 80:20, 100:0 and pure soil. Moisture 
distribution and retention, nutrient dispersion and utilization, leachate amount and 
quality, and surface runoff will be the key parameters for estimating the performance 
of the SSS. Pot experiments will be used to study plant growing characteristics of 
sedum, such as plant height, leave color and root health. Nitrogen transformation 
among plant protein, ammonia nitrogen, nitrite nitrogen, nitrate nitrogen will be 
studied in the micro-ecosystem that is irrigated by different weight fraction of water-
wastewater mixtures. Identification of specific bacteria in the activated sludge that 
contributes to retain moisture and promote the nutrient absorption will be carried out. 
 
The present experimental conditions are based on the desert-forest crossover area in 
Yulin, Shanxi province. Physical property analysis of real sand samples from Yulin 
indicates the sample has a mixture of 70 wt.% of British Standard B grade sand and 
30 wt.% of commercial river sand. For plant growing experiments, trial runs of sedum 
in 40:60 SSS weight fraction showed that the rich nutrient content accelerated the 
growth of plant. Systematic experiments and further analysis will be carried out in the 
following months. 
 
 
Keywords: anti-desertification, sand-sludge soil, micro-ecosystem, activated sludge, 

sedum. 
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

 
The United Nation had addressed the 
desertification as a worldwide problem for 
the first time (Uwe, 2008).



 
The removal of moisture content in the 
activated sludge is always a troublesome 
issue that increases the operation cost.



 
Why not recover the waste to treasure, one 
stone kill two birds?
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（Adapted from State Forestry Administration, China, 2005)





 

General Objective


 

In order to find out a positive way for anti-desertification, this thesis 
aims to carry out the study of the hydraulic characteristics, suitable 
plants and the plant-microorganism microecosystem of the sand-sludge 
soil, which is obtained from sewage treatment plant.



 

Specific Objectives


 

1) To study the hydraulic characteristics of sand-sludge soil, including 
the moisture content conservation abilities, water dispersion and 
distribution and mechanisms of water dispersion;



 

2) To study growing characteristics of different plants in sand-sludge 
soil, including the plant growing pattern, and advise which kinds of 
plants would be suitable for anti-desertification;



 

3) To study the bacteria in sand-sludge soil, which has active and 
negative effects on the plant-microorganism microecosystem, and the 
mechanisms of their influence in the microecosystem.
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

 

Land
 

degradation in arid, semi-arid and dry sub-humid 
areas resulting from various factors, including climatic 
variations and human activities (UNCED, 1992).



 

Menace: loss of land productivity, sand storm, debris 
flow



 

Drylands occupy 41 % of Earth’s 
land area

 
suffering more than 2 billion 

people in the world(Uwe, 2008).



 

27.46% and 18.12% of land area
 

in China Mainland were 
occupied by arid and sandy area respectively (State 
Forestry Administration, China, 2005).
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

 

Sludge is the largest in volume and usually consists of 
four major constituents, including screening, grit, scum 
and biosolid (Tchobanoglous et al., 2004).



 

China produced average 4 million tons dry sludge per 
year compared to 170 thousand tons of Hong Kong 
(Pathak et al., 2009)



 

Untreated sludge contains rich nutrient and heavy metal.



 

Sludge treatment requires long duration and high cost.



 

Major concerns of sludge treatment are stablization and 
dewatering
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Typical chemical composition of untreated sludge and digested biosolids (Adapted 
from Environment Protection Agency, USA, 1979)

Typical metal content in wastewater solids (Adapted from 
Environment
Protection Agency, USA, 1984)





 

Activated sludge from the thickening tank of local domestic 
wastewater treatment plant is used. Prior to mixing with 
sands, lime treatment will be carried out for stablization.



 

Artificial sand mixture will be used to simulate the samples 
from desert boundary area in northern Shanxi province.
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

 

Six PE tanks with diameter of L-662 mm×W-501 mm×H-
 348 mm and total volume of 87 L are used to contain pure 

sand, pure planting soil and different sand/sludge mixture, 
which would be mixed in 20:80, 40:60, 60:40 and 80:20

 
in 

weight fraction of g sand/ g thickened sludge . Drainage 
channel was place in the bottom of the tank in order to 
collect the leachate.



 

Moisture measurement are carried out after Distilled water is 
introduced in the center of the SSS surface in several hours 
and days to check the retention ability. Runoff experiment is 
another aspect for the analysis soil characteristics.



 

Soil recovery probe and digital moisture meter are used to 
measure the water content in different depths and distances.
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

 

The leachate quality would be observed on the 
Total Kjeldahl Nitrogen (TKN), Ammonia Nitrogen 
(NH3

 

-N), Nitrate Nitrogen (NO3
 

-N), Phosphor,
 Potassium

 
in order to estimate the impact of 

effluent of the SSS to environment.



 

Similar to water dispersion, a fixed amount of N, P 
and K solution (NH4

 

NO3
 

, Na3
 

PO4
 

,KCl) would be 
introduce in separate tanks and their concentration 
in the leachate and soil

 
would be examined to 

analysis the nutrient dispersion as compare to 
common soil.
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

 

Transperant plastic cases with the inner diameter 
of L-200 mm×W-50 mm×H-500 mm are used for 
this experiment. The area of the soil surface are 
100 cm2. 



 

Sedum will be used for experiment since they have 
lower water potential towards soil.



 

The plant height, growing speed, leave color, water 
uptake rate and plantdisease would be the 
assessment considerations.
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

 

Plant nutrient experiments would be carried out to 
study to find out whether the plants would have a 
higher growth rate and uptake rate in the various 
forms of nutrients. 



 

The nitrogen cycle among the plant-soil-
 microorganisms system is studied by wastewater 

irrigation.



 

Identification of specific nitrogen processing 
bacteria in the microorganisms will be carried out.
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

 

The odour would be the major obstacle for 
application of the SSS. Odour consists of three 
major types of chemical, including VOCs, NH3

 

and 
H2

 

S. The microorganisms which have abilities to 
uptake these kind of organic compound could be 
considered as sorts of active microorganisms for 
the microecosystem.



 

Environmental chamber and TVOCs, NH3
 

and H2
 

S 
measurement equipments are used for the analysis 
of odour.
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

 
The trial of growing Sedum pachyclados from 
May

 
2012 proves the feasibility for planting in 

SSS with sand/sludge weight fraction of 60:40.



 
Growing faster vertically than horizontally due to 
the higher nitrogen
concentration.



 
Moisture kept longer than
planting soil.
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Classification of plant mineral nutrients according to biochemical function (Adapted from Mengel and Kirkby, 
2001)





 

The mixture of 30% River Sand 
and 70% B Grade Sand showed 
99.3% correlation on 
percentage finer. 
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Xi'an Sample 30% River Sand+70% 

 
B Grade Sand

D60

 

(mm) 0.293 0.294

D10

 

(mm) 0.095 0.120

Uniformity Coefficient (U) 3.084 2.450

D95

 

(mm) 0.595 1.022

D84.1

 

(mm) 0.452 0.485

D50

 

(mm) 0.224 0.231

D15.9

 

(mm) 0.109 0.141

D5

 

(mm) 0.073 0.092

Skewness  0.375 0.589





 
Systematically set up the lab-scale 
experiments and laboratory analysis.



 
Enlarge the study on plants types and 
hydraulic modeling for SSS.
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

 
-End of Presentation-


 

Thank you!



 
Q&A
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