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In its recent examination of global water scarcity (1997) the 
United Nations system identified water quality as one of the 

key concerns in Asia in the next century. This concern is 
based on the fact that water quality degradation is so severe in 
many Asian countries that it is placing serious constraints on 

economic growth; it continues to be a serious problem for 
human health and it is causing widespread negative 

environmental effects. The problem of future management of 
water quality in Asia is a complex one, and requires 

re-examination of a number of key areas – including technical, 
institutional, legal and governance issues. Within this context, 

FAO organized a Regional Workshop on Water Quality 
Management and Control of Water Pollution which took place 

in Bangkok, Thailand from 26 to 30 October 1999. This 
publication contains the report and recommendations of the 

Workshop and the edited versions of 18 papers presented and 
discussed during the meeting.
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TABLE 1
Percentage of river in each water quality class in China  (1998 data)

River/Lake Grade 1* Grade 2 Grade 3 Grade 4 Grade 5 >Grade 5
Rivers
Songhua 0 0 4 67 21 8
Liao 4.5 2.3 4.5 22.7 4.5 61.4
Hai 5 19 4 10 9 53
Yellow 0 24 5 47 12 12
Huai 0 11 17 19 6 48
Yangtze 4 67 4 11 10 4
Pearl 29 36 7 22 2 4
Average 6.1 22.7 6.5 28.4 9.2 27.2

Lakes
Chaohu X
Tai X X
Dianchi X

Source:  Weng, J. 1999. Water Quality and Irrigation in China. [This meeting]
*  Grade 1 is best quality;  Grade 5 is worst quality.
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All the ISP (Stages A+B+C) are dimensioned and calibrated for:

• Space requirements
• Climatic conditions
• Biological adaptation of vegetable species
• Use of native species that are found in the same area is recommended.

ISP main advantages

Recovery of pre-existent depuration structures. This system can reuse and integrate
conventional treatment plants that are out of order or not working properly or efficiently.

• The building of ISP treatment plants is cheap and easy, and is suitable for local organisation.
• Effluent has the qualities of an unpolluted river and can be used in agriculture, etc.
• Total absence of unpleasant smells or colours of the basin water and of troublesome insects.
• Possibility of embodying the system in public contracts on water treatment and land

management.
• Contributes to reclamation of coasts, rivers or lakes which receive the treated effluent.
• Modest cost for the construction and maintenance of the system.
• No need of foreign technicians.
• Produced biomass can be re-used “as is”, or after preliminary transformation.
• ISP works well with water of polluted rivers and lakes; or with saline and brackish waters.
• ISP does not produce biological sludge.

Functional comparison

The table below shows a functional comparison between ISP and conventional treatment
technologies. The following examples show typical ISP applications.

DAIRY SEWAGE TREATMENT: PESCI’S DAIRY

Pesci’s dairy is a private industry built in 1995 in the province of Viterbo, Central Italy. It is a
covered area of 2 000 m2, and uses the most modern technologies for the production of fresh

FIGURE 2
Phytodepurative section

A - Pond with fish
B - Re-circulation pump
C - Rooted plants section
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Main features of the sewage to be treated
Total flow 50 m3/d
Average flow 1.5 m3/h
Max flow 4 m

3
/h

pH 6.0 – 6.5
Total load 75 kg/d in COD
Specific load 1,500 ppm in COD
Inhabitants equivalent 750 to 800

ISP CONVENTIONAL TECHNOLOGIES

System Structure

Pre-treatments
Primary biological stage
Phytoabsorbing basin

Pre-treatments
Primary biological stage
Secondary biological stage
Denitrification and dephosphatizing system

Depurative efficiency

Unchanged Changeable, according to the organic load and flow

Effluent quality guarantee

Effluent discharged by the ISP is not affected
by variations in load or flow.

Effluent quality is not guaranteed if machinery
installed does not function properly.

Energy expenditure

Lower electrical energy consumption; up to
80% less in comparison with other
technologies

High energy expense due to greater number of
machines required in the different depurative stages

Maintenance and management

Low management is required: two visits per
week

Need of diligent, continuous, daily maintenance

Management costs

No expenditure for chemical products such as
flocculants and/or disinfectants

Use of chemical products of different kinds with
consequent tarring system problems and high costs

Sludge production

No biological sludge production Sludge Production and draining problems

and seasoned cheese. The dairy can process
20 tons of cows’ and sheep’s milk per day,
producing from 3 to 4 tons of cheese a day.

All sewage produced is piped to a
depuration plant arranged outside the
covered dairy area and built following the
ISP.

The ISP application consists of the three
stages illustrated in Figure 1.

Stage A: consists of an Imhoff tank that collects the dairy sewage. Its volume is 5 m3 and it
is equipped with a barrel pump. During the primary decantation, solid materials fall at the
bottom of the tank. The liquid part is pumped to Stage B for biological treatment.

Stage B: Considering the space available, the biological pre-treatment chosen is a compact
solution with the same yield and depurative efficiency as the conventional depuration systems,
but without unsightly and noisy external structures.  The biological technology used is the
Submerged Oxygenated Percolating System (SOPS); it consists of an oxidation tank
(parallelepiped-shaped 22 m. long, 4 m. wide, 2 m. deep, 80 m3 total volume), divided into two
parallel channels by an intermediate wall.  Special plastic strips are laid out at the bottom of the
channels to support the adhesive biological film (Figure 4).
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The oxidation tank is equipped with
two submerged oxygenators that supply
the needed oxygen for the digestion of
the organic substance and circulate the
water continuously. From Stage B,
water passes to Stage C through an
overflow pipe.

Stage C: the phytodepurative basin
is pie shaped, in the form of an arc of a
circle, with a total volume of 500 m3,
area of 420 m2 and depth of 1.2 m
(Figure 5).

In the basin one can distinguish
between: (i) Section 1 basin with ever-
green rooted plants and (ii) Section 2
pond with fish and phytoplankton
activity

FIGURE 3
Imhoff tank and feed pump

A - Imhoff tank
B - Feed pump to the biological stage

FIGURE 4
Submerged oxygenated percolating system

FIGURE 5
Phytodepurative basin



26 Integrated system of phytodepuration applied to agro-industrial wastewaters

Section 1 - basin with rooted plants:
This consists of a tank of reinforced
concrete divided into two parallel channels;
on top is an iron covering that supports a
stratum of gravel, 40 cm thick, where 400
rooted plants have been planted in
hydroponics cultivation. Vegetable species
used are Pittosforum sp., Laurus comunis
and Laurus nobilis.

Section 2 - Pond with fish: This is a
small aerobic lagoon where phytoplankton
activity is fostered. Microalgae absorb
nutrients (N and P) and produce oxygen
through photosynthesis. It also reduces
pathogenic bacteria with the result that the
effluent has a low concentration of bacteria,
without using chlorination of conventional
systems. The purified effluent flows to the
final well and is piped underground for sub-
irrigation.

Fish: Fish prevent both eutrophic
phenomenon and the proliferation of
troublesome insects (mosquitoes, flies,
etc.). Several species of fish live in the
pond: (i) herbivorous species, feeding on
microalgae and organic sediments and (ii)
predatory species, feeding on larvae and
insects.

FIGURE 6
ISP Stage C: Pond with rooted plants

FIGURE 7
ISP Stage C: Pond with fish

FIGURE 8
Pesci’s Dairy: ISP COD reduction in 1997
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Internal water re-circulation:  A pump system installed in the pond allows continuous
water circulation at the head of the phyto-absorbing basin allowing oxygen distribution that is
essential for successful growth of the rooted plants. Internal re-circulation feeds also the fountain
situated in the middle of the pond. Apart from aesthetics the fountain mixes water homogeneously,
thus avoiding stagnation.

Power required: The operation of the ISP plant needs only 6 kWh of electrical power.

Conclusion:  Operating since 1995, the ISP has always discharged an effluent with chemical
and microbiological characteristics within legal limits.  This allows Pesci’s Dairy to work in a
sustainable way without fear of sanctions due to its own discharges.

VINEGAR SEWAGE TREATMENT: MONARI’S VINEGAR COMPANY

Monari’s vinegar company is a private industry built in 1912 in Province of Modena in northern
Italy. It has a covered area of 15,000 m2 and uses the most modern technologies for the production
of vinegar. Sewage produced is piped to a depuration plant located on its property and built
according to the ISP. The ISP application
has the same three stages as noted in Figure
1 including:

Stage A: Imhoff Tank, to remove solids
Stage B: biological oxidation with sub-

merged oxygenated percolation
system

Stage C: phytodepurative basin with
rooted plants section and lagoon

Stage A: consists of an 8 m3 Imhoff tank
that collects all sewage. During the primary
decantation solid materials fall to the bottom
of the tank. From Stage A, water passes to
the oxidation system through an overflow
pipe.

Stage B: The oxidation stage is a high-
load biological treatment based on the
SOPS. Total tank volume is 12 m3. The
oxidation tank is equipped with one
submerged oxygenator that supplies oxygen
for the digestion of organic substances and
circulates the water continuously. The
bowers injector (Venturi system) makes it possible to recirculate and oxygenate the liquor at
the same time.  When the liquor goes through the filling bodies, it reaches the adhesive biological
film that “captures and digests” the existing organic substance. In this stage the organic load
(COD) is reduced from 7 000 to 1 000 ppm. Water acidity (pH) decreased from 4.0 – 4.5 up to
6.5 – 7.0. The outlet effluent passes to the stage C through an overflow pipe.

Stage C is a fan-shaped phytodepurative basin, 1.5m deep, with a total volume of 900 m3

(Figure 11). In the basin can be distinguished: (i) Section 1 basin with evergreen rooted plants
and (ii) Section 2 pond with fishes and phytoplankton activity.

Main features of the sewage to be treated
Total flow 20 m3/d
Average flow (10 hours) 2 m3/h
Maximum flow 4 m3/h
pH 4.0 – 4.5
Total organic load 140 kg/d in COD
Specific load 7,000 ppm in COD
Inhabitants equivalent 1,200

FIGURE 9
Imhoff tank
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Section 1 - basin with rooted
plants:  consists of a tank of
reinforced concrete divided into
three parallel channels covered on
top by an iron grille that supports
the stratum of gravel where 1,000
rooted plants have been planted in
hydroponics cultivation. Vegetable
species used are Pittosforum sp.,
Laurus comunis and Laurus nobilis.

Section 2 - Pond with fish:  is an
aerobic lagoon where phyto-
plankton activity is fostered. Micro-
algae absorb nutrients (nitrates and
phosphates) producing oxygen through photosynthesis; microalgae activity cuts down pathogenic
bacteria. The final effluent has a low concentration of bacteria, without using chlorination of
conventional systems.

FIGURE 10
Submerged oxygenated percolating system

FIGURE 11
Fan-shaped phytodepurative basin

A - Blending chamber with submerged oxygenator
B - Distributing chamber
C - Filling bodies chamber

Fish. Fish presence prevents eutrophic phenomenon and proliferation of troublesome insects
(mosquitoes, flies, etc.). Several species live in the pond: (i) herbivorous species, feeding on
microalgae and organic sediments and (ii) predatory species, feeding on larvae and insects.

Internal water recirculation:  A pump system installed in the pond allows continuous water
circulation at the head of the phytoabsorbing basin. Internal recirculation also feeds two
waterworks; the first is a fountain in the middle of the pond, the second is in a lateral position
on the rooted plant section wall. The waterworks function is to mix water homogeneously to
avoid stagnation. Internal recirculation allows oxygen distribution that is necessary for the
rooted plants. Treated effluent flows to the final well and from there it is piped into a little river.

Power required. The ISP plant, once built, needs only 8 kWh of electrical power



Water quality management and control of water pollution 29

Conclusion:  Since 1995 the ISP plant has always discharged an effluent with chemical and
microbiological characteristics within legal limits. This has allowed the Monari Co to work in
a sustainable way without fear of sanctions due to its own discharges.

FIGURE 12
Comparison of : Inlet / outlet loads of COD in the Stages: B and C; Inlet/ outlet loads of N-TOT
and P-TOT in Stage C
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TABLE 1
Yield of fresh sudax as influenced by water and N level

Yield (kg/plot)Water N-Treatment
(g N/m3) 1995 1996

Farm water Nil  80.2 c  67.5 d
30 106.7 b 102.8 c
60 118.2 b 111.5 b
90 125.3 a 118.2 a

Mean 107.6 B 100.0 B
Wastewater Nil 127.1 a 119.1 a

30 126.9 a 122.8 a
60 127.9 a 124.2 a
90 128.5 a 125.7 a

Mean 127.6 A 123.0 A

TABLE 2
Yield of fresh corn as influenced by water and N level

Water N-Treatment
(g N/m3)

Yield (kg/plot)

1995 1996

Farm water Nil  83.9 d  86.6 d
30 114.9 c 113.6 c
60 111.9 c 128.4 b
90 135.6 b 129.2 b

Mean 111.6 B 114.5 B
Wastewater Nil 129.8 b 136.0 b

30 137.4 b 136.2 b
60 145.1 a 146.0 a
90 149.0 a 147.2 a

Mean 140.3 A 141.3 A
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TABLE 3
Yield of eggplant per plot of 41 plants as influenced by water and N level

Water N-Treatment
(g N/m3)

Yield

Yield kg/plot Number of fruits/plot
1995 1996 1995 1996

Farm water Nil 160.3 e 129.6 e 644 d 696 d
30 184.8 d 145.8 d 754 c 836 c
60 207.4 c 197.8 c 838 b 956 b
90 206.1 c 198.0 c 871 b 974 b

Mean 189.6 B 167.8 B 777 B 865 B
Wastewater Nil 227.3 b 221.6 b 942 a 1120 a

30 251.1 a 230.6 a 999 a 1156 a
60 237.0 b 223.0 b 964 a 1112 a
90 234.1 b 235.7 a 991 a 1226 a

237.4 A 227.7 974 A 1154 A
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Organic sewage treatments with reference
to urban sewage

ABSTRACT

Organic wastewater is a mixture of different organic compounds that can be classified
according to their physical-chemical characteristics. The different treatment processes
are chosen according to the characteristics of the wastes. Normally the biological treatments
used for the urban wastewater are divided into three functional stages: conventional pre-
treatment, biological treatment, and final settling.

MAIN CHARACTERISTICS OF ORGANIC WASTEWATER

Organic wastewater is a mixture of different organic compounds (carbohydrates, fats, proteins
etc)  that are to be quantified as relative concentrations by specific physical, chemical and
biochemical analysis. The polluting compounds, which are present in the urban and industrial
wastes, can be classified according to their physical-chemical characteristics.

URBAN WASTEWATER

Urban sewage is an organic mixture that is rather constant in the world notwithstanding the
different foods styles and ways of living of different peoples. It is known that the difference
among different wastes is not in the type of compounds that are present but in their concentration
inside the wastewater.  This concentration is a function of the individual average consumption of
water per day and may vary from 100 to 500 litres per inhabitant per day. This allowed, and
continues to allow, the transfer of the technological expertise from one to another region of the
world. Table 1 shows the main components of the urban waste.

The different treatment processes are chosen according to the characteristics of the wastes
and taking into consideration the individual consumption of water per day.

GENERAL DESCRIPTION OF MAIN WASTEWATER TREATMENT METHODS

Normally the biological treatments used for the urban wastewater are divided in three functional
stages, how showed in the general flow sheet. The three functional stages of an organic wastewater
treatment plant are: A - conventional pre-treatment; B - biological treatment; C - final settling.

Below is a general description of the standard technologies used in each stage for the treatment
of the urban wastewater.

Maurizio Giannotti
Wastewater Consultant, Viterbo, Italy
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Stage A: primary treatment

The conventional pre-treatment is normally used in each depuration plant to separate the liquid
phase from non-biodegradable raw materials that are collected into tanks and then drained for
discharge.

Physical pre-treatment involves:

• Primary decantation
• Grilling and fine screening systems.

The standard methods that determine the choice and dimensioning of physical pre-treatment
take into consideration the following factors:

• Type of sewage to treat
• Concentration and typology of gross materials (sand, plastic residues, etc.)

TABLE 1
Main characteristics of urban wastewater

Composition Concentration (mg/l)

Compounds A - Strong B - Average C - Weak

Total solids
Total dissolved solids
Inert dissolved solids
Volatile dissolved solids
Total suspended solids
Inert suspended solids
Volatile suspended solids
Settling solids (ml/l)
BOD5
COD
Ammonia Nitrogen
Nitrites
Nitrates
Total Phosphorus(P)
Inorganic Phosphorus
Chlorides
Alkaline  (CaCO3)
Fats

1,200
850
525
325
350

75
275

20
300

1,000
50

0
0

20
15

100
200
150

700
500
300
200
200

50
150

10
200
500

25
0
0

10
7

50
100
100

350
250
145
105
100

30
70

5
100
250

12
0
0
6
4

30
50
50

FIGURE 1
Wastewater treatment plant flow sheet
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• “Refining” level to reach
• Number of inhabitants served.

In the case of civil sewage, the choice of pre-treatment is conditioned from the number of
inhabitants and the characteristics of the town interested.

For Small Villages : Primary decantation tank - Imhoff :   An Imhoff tank is normally chosen
for small and medium plants as the physical stage for primary decantation and sewage clarification,
in place of screening and other primary treatments.  Imhoff tank efficiency depends on type and
quantity of sedimentable and solid gross materials existing in the wastewater to treat.

For Medium And Big Towns: Grilling and fine screening systems:    Fine screening is
recommended in case of medium or big communities when the quantity of gross solids or
sedimentable to be eliminated needs to be discharge for an average of 48-72 hours.  The use of
special machinery, capable of separating, accumulating and storing gross materials into solid
waste tanks, is required. The more common solutions offered by current market consist of two
possible applications:

i) External rotary fine screening
ii) Conveyor worm with integrated compactor.

Primary Decantation Tank - Imhoff

Fitting an Imhoff tank into small plants, subject to regular cleaning, is a successful choice for the
following reasons:

• Plant is sufficiently protected from solid residues that can be grilled and sedimented.

• Reduction of the cost of daily management

• No unpleasant smells.

• Programmed cleaning eliminates the external, daily deposit accumulation, typical of
conventional screening and grilling technologies; in this manner drawbacks caused by gross
materials stored into tanks are completely removed. This is extremely important when building
plants near to built-up areas.

Rotary fine screening

An inlet wastewater well complete with gross grilling and fine screening is required and consists
of the following structures and machinery:

• Wastewater inlet and accumulation well

• Gross grilling for keeping non-degradable solids (cross section 2 cm).

• Sewage water pump feeding the fine screening

• Rotary fine screening provided with sieve, section 2 x 5 mm, as shown in the picture.

The inlet well shape must be suitable for containing gross grilling and pump that feeds the
screening step; grille and pump must be accessible for cleaning and servicing.  The grill can be
fixed or provided with a mobile system for cleaning and kept solids collection. The gross grilling
step is important in order to avoid obstruction and/or system failure.
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Conveyor worm with integrated compactor

A conveyor worm with integrated compactor is a new method of separating solids existing in
effluents; this system has been conceived for mechanical depuration of effluents coming from
industries and networks of urban sewers.  The advantages of this grilling system are the very high
capacity of separating, a continual functioning and a minimum servicing.  It consists of a grill
immersed in wastewater and of a variable pitch conveyor worm; the last one carries the material
collected, compacts it and discharge it into solids waste thank, as the following diagram shows.

Conveyor worm systems have the following advantages:

• Improvement in the depuration plant performance,
• No liquor in non-degradable solid substances;
• Compact screening, partially dehydrated and ready for drainage
• Considerable reduction of wastewater disposal costs
• No noxious odours: the whole process is implemented under special covering canvas.

Stage B: biological treatment

The term “biological treatment” means a treatment that causes the organic matter present inside
the waste water to be digested by a population of micro-organisms (bacteria, etc.).

Biological oxygenation system
The biological oxygenation sump represents the 80 - 85 % of biological stages in the urban
treatment plants. The living bio-mass, instead of remaining dispersed, tends to agglomerate in a
flock form that is called active sludge. These bacteria are aerobic and their optimal life conditions
are reached by oxygenating the waste inside a sump (called oxygenation sump or biological
oxygenation sump). In this sump the oxygen is dispersed into the waste water by means of
special devices like turbine, impellers, bowers injectors which produce an intensive mixing of the
liquid mass with the oxygen reaching an uniform dispersion of the oxidizing agent.  The active
sludge biological treatment can reach very high yield, greater than 90 % of digestion of organic
pollutants.

Percolation system
The percolation system uses the same concepts of the active-sludge biological treatment plant.
The difference is that the bacteria are not allowed to float freely inside the liquid mass but they
are kept stuck onto an inert support  (stones, plastic material etc) forming a uniform film called
Biological Film which fills all the free spaces available on to the inert material. The typical
percolation device has a cylindrical structure some meters high. Inside this cylinder there is
packing made with pebbles. The wastewater, previously clarified, is sprayed on the top surfaces
of pebbles by rotating arms made with holed pipes. The rotation is caused by the trust of the out-
coming water through the holes. The flow of the waste through the packing of pebbles is by
gravity from one stone to the other; the packed bed is never full of water and its free spaces allow
the air to penetrate. There are no mechanical devices because the oxygenation rate is guaranteed
by the natural convection of the air. The air can flow through openings made on the bottom part
of the percolation device. The biological environment so created favours the adsorption and
digestion of the organic pollutants by the biological film.
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The treated wastewater comes out from the bottom together with the parts of the biological
film that are detached from time to time from the pebbles. Channels send the outflow to a settler
where the sludge is separated from the treated wastewater. A percolation unit includes a primary
settling plant for taking off the coarse material incoming with the waste and a secondary settler
to separate the organic sludge from the water. Percolation biological treatment can reach efficiency
from 75 to 85 % in the removal of pollutants.

Submerged oxygenated percolation system
A new biological pre-treatment is a compact solution with the same yield and depurative efficiency
as the conventional depuration systems, but without unsightly and noisy external structures; this
solution is called: Submerged Oxygenated Percolation System (SOPS). The Submerged
Oxygenated Percolation System is the natural evolution of percolation and activated sludge systems
and consists of a tank filled with special plastic filling bodies in which an oxygenation and
blending system (bowers injector) has been fitted.

The SOPS tank is divided into three sections:

A - blending chamber with the submerged oxygenator
B - distributing chamber
C - filling bodies chamber

Main features:
• The same advantages of epurative efficiency as an analogous activated sludge system or

others, but without unsightly and noisy external structures.
• Smaller volume, so permitting a cost reduction of C. A. tanks.
• Machinery and power consumption costs reduction.
• Environmental advantage: no external structures; the plant is underground and “hidden”.
• Slight noise, no aerosol risk
• The SOPS can reach efficiency from 90 to 95 % in the removal of pollutants.

Stage C: final settling

Final settling is one of the most important stages of wastewater treatment. To accomplish the
separation process by settling, gravity is used to separate solids that have a greater specific
gravity than water. The settling process is done inside sumps that have a particular shape to
facilitate the separation of solids particles from water and their concentration in the bottom of the
sump. In order that a solid particle can precipitate in the bottom of the sump some conditions
have to be fulfilled:

• Enough retention time inside the sump
• The settling velocity of the particle has to be lower (sic) than the ascent velocity of the

liquid.

Normally a settler is of funnel shape with vertical walls in the upper part and conical walls in
the bottom to concentrate the solids at a point; the slope of the conical bottom is variable from 15
to 60 degrees. The inlet slurry (solid-liquid mixture) is guided inside the sump towards the bottom
part with a proper baffle; the sludge solid particles settle downward.  The heavy phase settled in
the bottom is discharged with suitable piping. Clarified water moves towards the upper part and
is discharged by means of channels in the top. Now, the final effluent is ready to be discharged
into the environment.
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A case-matching decision-support system
to predict agricultural impacts

on water quality

ABSTRACT

Future development of sustainable agriculture in a water-scarce world requires that the off-
site impacts on water quality be estimated at the time an agricultural project is proposed.
This will ensure that any degradation of water quality due to agriculture can be anticipated
and factored into basin-wide, integrated water resource planning. The methodologies for
estimating sediment, nutrient and pesticide runoff, such as modelling, are extremely limited
in developing countries because of the absence of data, the expense of collecting reliable
data, and the absence of relevant reference studies for model development and calibration.
An alternative approach using a decision-support system (DSS) is demonstrated which
uses examples (cases) where water quality has been measured in earlier agricultural
programmes. These cases are used to estimate the water quality outputs of proposed
agricultural projects that have physical and agronomic characteristics that are similar to
“cases” held in the case library. The demonstration used here is for dryland farming insofar
as the intent is only to demonstrate proof of concept of this approach. In the future,
development of the DSS would likely focus on irrigation.

The global problem of water scarcity (United Nations, 1997) will inevitably have a major
impact on national plans for water allocation in many developing countries. The implications
for agriculture are particularly ominous, especially as less and less water will be available for
agriculture as more and more is allocated to municipal and industrial uses (Ongley and Kandiah,
1997). Additionally, the fact that water pollution adds to water scarcity by reducing the beneficial
uses of water has additional implications for agriculture.

Cost-effective management of water quality increasingly requires an integrated approach to
pollution control at the river basin (or sub-basin level for very large river systems). This ensures
that the correct balance between point and non-point sources is achieved in regards to planning
and investment. For agriculture, which is the largest non-point source contributor of nutrients
and of some forms of contaminants (pesticides), there will be an increasing need to minimize
off-site pollution caused by agricultural practices. This is especially evident in developed
degradation (Table 1). In most developing countries, the role of agriculture in water pollution

Edwin D. Ongley,  Emeritus Scientist, Environment Canada, Ontario,  Canada
Sarah Dorner, David Swayne and Chris Pal, Department of Computing and

Information Science, University of Guelph, Guelph, Ontario, Canada
 Arumugam Kandiah,  FAO, Rome, Italy

This paper was formerly presented at the FAO International Workshop on Management of
Water Quality and Control of Pollution in Latin America, Arica, Chile, 1998.
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is less well documented, however experience indicates that agriculture is also a major contributor
countries where agriculture has been identified as a major contributor to environmental to
water quality degradation.

It is not surprising, therefore, that water quality issues have come to the forefront of debate
and decision making in sustainable agricultural development and food security (Ongley, 1996,
Ongley & Kandiah, 1997). Projections of agricultural production required over the next several
decades to meet food security requirements indicates that national and international agricultural
agencies will focus on agricultural expansion (especially of irrigated agriculture), increase in
productivity, and use and reclamation of salinized and degraded soils of existing or abandoned
irrigated areas. Therefore, the future potential for increased water quality degradation from
agriculture is substantial.

The importance of water quality management in agriculture stems from two inter-linked
perspectives – (1) that sustainable crop production requires a certain minimum water quality
standard and (2) that agricultural activities do not cause deterioration of water quality which
impacts on the subsequent use of water for other purposes. This paper, which reflects work
carried out for FAO in the field of decision support systems (DSS) refers to the second perspective
and focuses on off-site water quality impacts of agricultural activities.

ALTERNATIVE APPROACHES TO PREDUCTION

Agencies such as FAO are often involved in assisting or promoting agricultural projects in
developing countries. Increasingly there is requirement to evaluate off-site impacts at the project
proposal stage, and to be able to assess alternative management options in order to achieve an
appropriate balance between conservation, economic costs, and water quality objectives. Various
techniques (often called “screening” tools) are used to evaluate the potential for off-site water
quality impacts at the pre-feasibility or feasibility stage of project development. At a screening
level, one is general interested in gross estimation of pollutant impacts relative to crop and
management practices that are proposed for the particular project in question.

Guidelines

One approach commonly used by agricultural organizations is the production of guidelines.
Published guidelines represent cumulative knowledge in fields such as wastewater use in
agriculture, optimizing water use in irrigation, and scoping probable impacts of agricultural
projects on water quality, to name but three examples. However, guidelines are seriously limited
by:
• space and cost limitation of printed guidelines.
• cost of frequent updating and printing of guidelines.
• inability to incorporate the complexity of real-world situations into printed guidelines.
• difficulty in circulating printed guidelines to potential users.

TABLE 1
Leading sources of water quality impairment in the United States (US-EPA, 1994)
Rank Rivers Lakes Estuaries
1 Agriculture Agriculture Municipal point source
2 Municipal point sources Urban runoff/Storm sewers Urban runoff/Storm sewers
3 Urban runoff/Storm Hydrological/Habitat modification Agriculture
4 Resource extraction Municipal point source Industrial point sources
5 Industrial point sources On-site wastewater Resource extraction
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Most importantly, while guidelines can outline a methodology, they can not exert any direct
real-time control on either the evaluation process or the outcome.

Modelling

Another method of prediction is the use of modelling wherein site data are collected or estimated
and models are run. A variety of models for agricultural sediment, nutrient and pesticide runoff
are tabulated in Ongley (1996). However, although there are much data on off-site (or
downstream) water quality that are associated with agriculture in developed countries, hard
data are rare in developing countries where the development scenarios for food security are
likely to be implemented, and where the ability to collect the sophisticated data needed for
modelling is limited. There are also problems of model reliability due to absence of reference
studies or other means of verification of predicted impacts. Although models are used within
decision-support systems (see below) their use is seriously limited for the reasons noted here.
This suggests that some other methodology may be more practical and cost-effective, especially
at the prefeasibility or feasibility stage of project evaluation.

Decision-support system

Decision-support systems (DSS) typically use some form of knowledge base that is built into
computer software, that guides the user in making an informed decision on some (environmental)
issue. In the case of agriculture, project evaluation and prediction of off-site water quality
impacts may be done by local or foreign experts. Increasingly, however, for reasons of cost or
lack of availability of sufficient specialists, it is necessary to transfer the ability to carry out
these tasks to individuals who may not have the appropriate range of skills. This requires some
form of DSS technology that will guide the non-specialist and impose a high degree of
consistency to the evaluation process.

Rather than use a modelling approach that we have rejected for reasons noted above, we
have used an alternative approach - one that is consistent with how agricultural experts approach
such problems.  This alternative approach uses a “knowledge-centred” approach rather than a
“data-centred” approach  (e.g. as in modelling). In this “knowledge-centred” approach past
experience in off-site impacts on water quality (“cases”) is used as a guide as to how proposed
future agricultural projects with similar characteristics may behave in regards to off-site water
quality impacts. This makes use of new developments in the field of Information Technology
(IT) that resolves the problem of putting reliable information and decision criteria into the
hands of non-experts, and also exerts control over the evaluation process. Moreover, the
incorporation of knowledge bases (as opposed to databases) into PC-based decision-support
software designed around such problems can bring a wealth of experience into the hands of
non-expert users in an easy-to-use manner.

Using experience from other agricultural projects together with available site information,
the DSS makes it possible to forecast the range of probable off-site water quality conditions for
the existing physical conditions and the anticipated crop and crop management choices. This
makes it possible to “game” with alternative crop and management options in order to develop
an appropriate balance between economic output, implementing and operating costs, and off-
site pollutant loadings.

CASE-MATCHING DECISION-SUPPORT SYSTEM

The objective was to develop a simple, interactive, and computer-based DSS for water quality
management in agriculture that would enable the “stakeholders” to make their own decisions.
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Decision-making would be based on experiences and knowledge from a variety of sources
such as: (1) “hard copy” guidelines and other publications produced by FAO and other
institutions, (2) scientific literature, (3) experts’ individual experience, and (4) experiences and
data recorded from previous agricultural projects of FAO, the World Bank and other professional
and financial institutions. Such systems “package” the knowledge base and present it to the
user through user-friendly expert systems. The objective, therefore, was to develop a
comprehensive, computer based and interactive Decision Support System (DSS) for water
quality management in agriculture which would enable stakeholders to make their own decisions
to protect water quality while achieving optimum agricultural production on a sustainable basis.

The DSS prototype described here, AgriScreen (Agricultural Project Screening - Table 2),
is currently designed only to demonstrate proof of concept. It is intended to demonstrate a
screening-level capability to predict the probable range of off-site pollutants from proposed
new agricultural projects. The conventional approach of building a DSS around modelled
relationships amongst site, crop and agricultural practices, was rejected as inaccurate for reasons
noted above, too expensive for most typical projects at the feasibility stage, and therefore not
especially useful nor reliable for screening purposes.

We recognize that the greatest use for a DSS in developing countries is likely for irrigation
agriculture.  However, the knowledge base necessary to develop a demonstration of the case
matching approach for irrigation was difficult to access with the limited budget available.
Therefore, for the purpose of demonstrating proof of concept we have used dryland farming
with cases drawn from the North American agricultural literature because of the wealth of
published “cases”.

TABLE 2
Components of the AgriScreen DSS

CASE LIBRARY SCREENING LEVEL PLANNING LEVEL
(not included in

prototype)
“Knowledge base” based
on real cases of com-
binations of climate, soil,
landscape, crop, manage-
ment, etc.

Requires Case Librarian.

Inputs:

Input field characteristics per template.

Where site data are unknown can access
electronic information sources such as
world soil, climate  maps or databases.

Runs AGNPS or other
models, prompting re
data needs, output
reliability, etc.

Actions:

Attempts to match field situation with one
or more cases in the case library.

Allows interrogation of cases for pertinent
metadata.

Forecasts ranges of water quality
conditions that are expected from the
proposed project.
Outputs:

High/Medium/Low values for:
-Erosion and  sediment output.
-Nutrients - N,P (K)
- (Pesticides)
- (Salinity)
( )  not included in prototype

Measures of reliability given.
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The input is based upon standard physical and agronomic information that are used in the
Universal Soil Loss Equation insofar as the USLE is the basis of many standard models such as
the AGNPS model and, therefore, is the framework for much published information.

The methodology adopted is the “case matching” approach wherein a “case library” captures
water quality outputs that have been observed and/or published in the primary or grey literature
for a selection of crop, management, soil, landscape and climatic variables. We recognize that
the published cases included in the prototype will not include terrain and crop types in many
developing countries. However, the intent is only to demonstrate the concept. For full application,
the case library is designed to be expanded for other geographic conditions through the addition
of case histories based on the experience of agricultural professionals in developing countries.

For any proposed agricultural project the planner fills a template with available physical,
climatic and agronomic information. The DSS predicts the probable range of pollutant outputs
by matching the input information against the case library, the uncertainty associated with
cases used for the prediction, and makes available pertinent metadata so that the user can
evaluate the adequacy of the prediction for his particular situation. This approach can also be
used at a more detailed planning level (Table 2) where the screening component advises which
types of parameters are most likely to be a problem under different conditions of agricultural
practice. Any subsequent investigation can then focus only on the problem component(s).

Case library

For the purpose of demonstrating the concept, case data for the prototype were collected for
137 watersheds located primarily in the temperate region of the United States and Canada.
Cases that had an area in which wastewater from human activity would skew the results, were
omitted. Watersheds ranged in size from less than 1 km2 to 100 km2. Factors describing climate,
topography, crop type, soil type and supporting practices were determined for each watershed.
Where the information was not known, it was left as “unknown” (?) in the database.

The input template for the case matching and range prediction techniques is based on factors
included in the Universal Soil Loss Equation (USLE). The present template reflects the type of
information that is currently in the case library for the purposes of the prototype. Therefore,
some of the factors such as crop type and supporting practices are very limited. It will be
necessary to devise either a classification method for these factors or another means of dealing
with the large number of crop types and practices that would ordinarily be included in a full
DSS system. In the future, it may be possible to include other data that are available, for example,
percent tile drainage or chemical properties of the soil. The matching and prediction system are
currently integrated and operational. However, future development of the system would require
a much larger and more complete case library to obtain better matching estimates and range
predictions for new cases.

An advantage of this type of Decision Support System is the ability to include pictorial and
descriptive information rather than only numerical data. For example, pictures that describe
land classes or land management practices can be presented to the user who then can pick the
photograph of the situation that most closely reflects his case. From these selections, the system
automatically fills the appropriate information into the template.

Input characteristics

Area:   The area is expressed in km2. It is assumed that the sediment and nutrient yields occur
at the outlet of the watershed.
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Climate type:   The climatic classification chosen for the prototype is from the FAO world
soil resources publication (FAO 1993). This climatic classification is not sufficient for
distinguishing between all climatic regimes but provided a simple method for the purpose of
the prototype. Most of the present cases fell within a single climatic class. The annual rainfall
is the parameter that further defines the climatic factor. The menu bar displays only the climate
types that are present in the case library. In the future, where climate type is not known by the
user, the user could “click” onto the FAO map to locate the project and the system would
automatically determine the climate type and add the appropriate information to the input
template.

Annual rainfall:  The annual rainfall was chosen since it has been used as an estimator of
erosivity when the data are not available for the R-factor of the USLE. Since most of the cases
were in the United States and Canada, there are R values available for all of the cases.  However,
this would not be the case in developing countries. Where rainfall data are not available to the
user, the climate type could be used to create an estimate using a set of expert rules.

Soil type:  For the prototype the soil classification is based on texture, as the majority of the
cases were already classified in this manner. The USLE K-factor is also based on texture, but
also includes permeability, organic matter and soil structure in its value. Eventually, it could be
useful to move towards the FAO classification as one could then make use of resources such as
the digital Soil Map of the World (FAO 1996).

Topography:  The topographical classification is based on FAO’s SOTER database
classification (FAO 1995). It would be possible to use more precise information such as dominant
slope value at a later time. Most of the cases were classified as level, which is why further
classification would be helpful to distinguish rolling hills from level land. It would be useful in
future to offer the user a series of photographs from which the user would make a choice of
topographic type which would automatically input the appropriate information into the input
template.

Percentage crop, forest and pasture:  Many of the cases selected had this information and
thus we made use of it. The % pasture is closely correlated to the number of animal units,
which is a factor not considered. An classification algorithm could consider these other factors,
if desired.

Dominant crop type:  Currently, the list of crop types reflects only those crops that are in
the case library.

Supporting practices:  These are agricultural management practices. Only those practices
that are included in the case library are included. Agricultural practices are different in various
parts of the world and the template would have to reflect this for future applications of the
DSS.

Fertilizer added: The fertilizer added is expressed in tonnes/ km2/yr and is broken down
into P and N added as well as manure P and N added.

Implementation of the graphical user interface

The implementation of the graphical user interface (GUI) was constructed using a scripting
language, tcl/tk (pronounced tickle tee-kay). This particular scripting language is portable,
therefore a program developed in tcl can be run on various operating systems including UNIX,
Windows95TM as well as older versions of WindowsTM. This is an important consideration
since not everyone will be running the latest version of WindowsTM. Another advantage of
using tcl is that it is currently freely available for download from the Internet. If this system
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were to be developed further, other programming languages such as Visual Basic and Java
could be used depending on which is the most appropriate for the potential users.

The case matching methodology

Cases in the case library are examined and a decision tree is constructed. The user enters his
case into the template and the case (or leaf) in the decision tree that best represents the  input
space of the user’s case is located. A list of matching cases is obtained in this manner and they
are ranked according to a distance calculation (or distance metric). This provides the user with
a relative idea of how close his case is to the matched case.

Quinlan’s C5.0 tree induction algorithm was used to generate the tree used in this study.
C5.0 is a tree induction algorithm that builds a tree based on tests of the factors given for each
case. These tests correspond to splits of the tree and are determined based on maximizing the
information relevant to classifying the cases. C5.0 is a commercial version of the C4.5 tree
induction algorithm developed by Quinlan (1993). Other similar tree induction algorithms such
as Breiman et al.’s Classification and Regression Tree (CART) algorithm could be used with
equal effectiveness. Another advantage of this type of matching technique is that the tree could
be modified by an expert.

C5.0 can handle unavailable data as well as continuous values. Additionally, like common
classification algorithms, C5.0 can use descriptive information representing broad categorical
variables to describe a system that is useful for prediction and classification in data-poor
environments in contrast to traditional water quality models that demand very specific numerical
data for the same variables.

Case Matching is accomplished by partitioning the input variables into a decision tree. The
decision tree is a compact summary of the data that is contained in the case library. The decision
tree can be envisioned as statements describing the various situations, such as: “if <area is
between A and B km2> and climate type is <type C> and topography is <type D> then the most
similar case will be close to cases <E or F>.”  Each attribute is ranked and partitioned based on
a measured information gain to create the decision tree. The gain is a function of the information
contained within the case attributes and the probability distribution for the case ranges or
individual cases. Each node of the decision tree uses the attribute with the greatest information
gain among attributes not yet considered in the path from the root to the leaf.

The user enters his case into the spaces provided in the GUI. The program takes the list of
the user’s attribute values and follows the partitioning of the decision tree to determine which
case the user’s case most closely resembles. A list of cases from the case library is obtained
from this procedure.

Once a list of matching cases is obtained from the case matching procedure, it is useful to
know how different the user’s case is from the matched cases. A distance function based on a
Euclidean distance measurement for each of the variables calculates the distance between the
user’s case and each case returned from the case matching process. The distance function is a
normalized and weighted Euclidian distance measurement. It is similar to a probability in that
it ranges from 0 to 1 and that a matched case that returns a distance metric of 0.96 is likely to
have a high probability of matching the case. Since the true probability is not known, the
distance metric provides an estimate of how close the user’s case is to the matched case, based
on the measured attributes included in the study. It is like saying the user’s case is 96% similar
to the matched case based on the measured attributes versus saying there is a 96% probability
that it is the same case. The weights were estimated from the decision tree that was created and
are based on the relative importance of the factors.
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The results displayed enable each case to be ranked in order of similarity and the resulting
distance metric is displayed with each matched case to provide the user with an idea of how
similar his case is to the matched case. The user may also browse through the displayed cases
with the metadata and decide which case may be the most similar considering all factors, thus
adding another dimension to the case matching.

Sometimes, in the case library itself, part of the case attributes (input data) are not known.
Although this does not prevent the system from creating a decision tree, full data would help
create a more accurate tree. The system will run with missing data and it will provide an answer
giving an estimate of the match quality based on the distance metric. Unknown values can also
be used as input, however, they add an element of uncertainty that is particularly apparent in
the case matching mode. It may happen that a case that is identical to a case in the case library
containing unknown information may not come up with the exact matched case that includes
the same missing information. The misclassification results because the algorithm uses the
most likely attribute value when dealing with missing information.. More advanced techniques
assigning probabilities over the possible values of the missing variable could address this
problem.

The C5.0 classification algorithm was also used to determine an estimated output range for
sediment and nutrient yields. The decision tree for the case matching and for range prediction
are slightly different. For case matching, a tree is constructed in terms of the attributes that
make each case most distinct from the others in the library. For range prediction, a decision tree
is created based on the attributes that are the most relevant or contain the most information for
the prediction that the result will lie within a given range (i.e. sediment yield).

Although AgriScreen predicts the range of sediment yield, caution should be used in
classifying results that are continuous such as sediment yield into discrete categories such as
high, medium and low because it is likely that a case with a result that falls close to an upper or
lower bound will be misclassified. Other more advanced techniques may be used to overcome
these problems in the future. Examples of these techniques include Bayesian networks
(Heckerman 1995)

At this time, the relative importance of the factors for predicting water pollution from
agriculture is only roughly approximated, but with a larger case library the relative importance
of the various factors and interactions between the factors could be more accurately assessed.
The most important parameter for this application is area. The case library is biased because
the area is always available for each case. Cases for which the area was not defined were
omitted from the case library as this was already understood to be a key factor. Also, most of
the cases were in similar geographical areas with similar climate and topography. Therefore,
the factor that was the most important for distinguishing one case from another was area,
which had the highest level of variation among the factors. In a more global and complete
study, the relative importance of the factors would likely change.

Although the classification algorithm is functional, its accuracy is presently limited by its
case library size. Furthermore, the case library itself contains a fair amount of missing data.
Future developments could also include common pesticides and a larger and more complete
case library.

Outputs

The classification algorithm provides two types of outputs. One is “Case Matching” wherein
the DSS matches the input characteristics of the user’s project with other cases held in the case
library that have similar characteristics.  The matching cases are ranked according to a distance
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metric. The principal use of “Case Matching” is to allow the user to examine those cases from
which estimates of off-site impacts (sediment, nutrient outputs) will be generated for the proposed
project. It is quite possible that matching cases may include characteristics that are quite
inappropriate for the project at hand (for example, the wrong climate type). In the future, the
DSS would contain the ability for the user to remove such cases from the selected matching
cases.

The DSS provides an estimate (Range Prediction) of sediment and chemical outputs from
agricultural runoff (in tonnes km-2) from the proposed project. The estimates are based upon
the case library and are  assigned to a classification of “high”, “medium” and “low” ranges. For
project screening purposes, it was felt that it was only necessary to know whether the probable
water quality outputs would likely by high, medium or low. Also, we recognize that the ability
to reliably predict exact values of sediment or chemical outputs, at the screening level, is
impossible. With a larger case library, statistical techniques for confidence interval estimation
could be used. In “Range Prediction” mode, the user can game with alternative crop and land
management practices to establish whether gross changes in sediment and nutrient runoff are
likely to occur using alternative crops or practices.

CONCLUSIONS

Future development of sustainable agriculture in a water-scarce world requires that the off-site
impacts on water quality be estimated at the time an agricultural project is proposed. This will
ensure that any degradation of water quality due to agriculture can be anticipated and factored
into basin-wide, integrated water resource planning. The methodologies for estimating sediment,
nutrient and pesticide runoff, such as modelling, are extremely limited in developing countries
because of the absence of data, the expense of collecting reliable data, and the absence of
relevant reference studies for model development and calibration.

An alternative approach using a decision-support system (DSS) is demonstrated which uses
examples (cases) where water quality has been measured in earlier agricultural programmes.
These cases are used to estimate the water quality outputs of proposed agricultural projects that
have physical and agronomic characteristics that are similar to “cases” held in the case library.
Because the intent is only to demonstrate proof of concept of this approach the demonstration
used here is for dryland farming for which data were easily accessible. In the future, development
of the DSS would likely focus on irrigation.
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TABLE 1
Total area and saline affected areas under each mapping unit.

Mapping
Unit

Salinity Class* Total area
(ha.)

Salinity
affected area

(ha.)

Name of the District

1. Non Saline (<2 ds/m) 260,000 2,600 North of Barisal,
Jhalakati, Pirojpur &
south of Gopalaganj

2. Very Slightly Saline
(2-4 ds/m)

290,000 145,000 North part of Bhoal,
Patuakhali, Barguna &
Southern part of Barisal &
Jhalakati

3 Slightly Saline (4-8
dslm)

310,000 186,000 Southern part of Bhoal,
Jhalakati & Pirojpur, Middle
part of Patuakhali, Northern
part of Barguna, Bagerhat,
Khulna & Satkhira

4. Moderately Saline
(8-12 ds/m)

620,000 496, 000 Southern part of Bhola,
Patuakhali, Barguna,
Pirojpur, Bagerhat, Khulna
& Satkhira

5. Strongly Saline
 (>12 ds/m)

860,000 817,000**
(included

Sunderbans)

Southern part of Bhola,
Patuakbali, Barguna,
Bagerhat, Khulna &
Satkhira.

Total: 2,340,000 11,646,000
Source: Soil Salinity Monitoring Report (1990-97) & Thana Nirdeshika (1985-97), SRDI.
* FAO Irrigation and Drainage pepar no. 29,Rev- 1,1985.
** 507,5 000 ha. Sunderbans reserve (Land Use Map of Bangladesh,  1996, SRDI).
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TABLE 2
Monthly variations in river water salinity

Salinity level ECw ds/mRiver/Station
<0.75 0.75-3.0 >3.0

1. Tetulia River
    a .  Kalia
    b. Dasnuna
    c. Rangopaldi

throughout the year
June-March
June - Jan.

-
April-May

Feb. - March

-
-
April - May

2. Lohalia River
a. Patuakhali
b. Jainkat
c. Galachipa

May - Feb.
June - Feb.
Jun - Feb.

March- April
March - May
March - May

-
-
-

3.    Paira River
   a.     Labukbali(Pandab R)
   b.     Pairkunja
   c.     Gulishakbali
   d.     Amtali
   e.     Taltali

May - March
May - Feb.
Jun-Feb.
Jun-Feb.
July-Aug.

April
March-April
March-May

March
Sept.-Jun

-
-
-
April-May
Feb.-Jun

4. Bishkhali
a. Baman
b. Barguna
c. Patharghata

throughout the year
May-December
June-November

-
June-March
Dec.-June

-
April
Feb-May

5. Shakaria Khla Jun-Feb. March April-May
6.   Andcnnenil River Sept. October Nov. -August

Source:  River Water Salinity Maps prepared by the Surface Water Modelling Centre, Dhaka.
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TABLE 3
Distribution of land types by districts (hectares)

District Total
cultivable area

Highland Medium
highland

Medium
lowland

Lowland

Barisal 180 916 17 127 133 072 26 146 4 571
Jbalakati 61 273 859 59 923 419 -
Pirojpur 111 045 3 263 98 065 5 552 4 165
Bhola 170 259 420 149 655 20 184 -
Patuakhali 205 893 2 188 190 392 13 313 -
Other 124 414 - 124 100 314 -

Total 853 800 23 857 755 207 65 928 8 736
Source: SRDI, RSS Report, Barisal District, 1968.
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TABLE 4
Yield (t/ha) of potential MVs

Patuakhali BurgunaVarity
Yield Days

Maturity
Yield Days

Maturity
Br-11 3.21 148 2.43 142
Br-23 2.64 167 1.98 152
Binasail 2.68 148 2.85 131
Pajam 2.82 140 1.57 131
Rajashail 1.91 126 1.66 114

Source : Research report BARI, 1990-91
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TABLE 1
Standards for irrigation water quality  (GB5084-92)  (mg/l)
No. Parameter Paddy field Arid land Vegetable
1 BOD5 80 150 80
2 CODcr 200 300 150
3 SS 150 200 100
4 LAS * 5 8 5
5 N 12 30 30
6 T-P 5 10 10
7 Temperature, C 35
8 pH 5.5 ~8.5
9 Total-salt 1000(non-saline-alkali area),

2000(saline-alkali area)
10 CL- 250
11 S2- 1
12 T-Hg 0.001
13 T-Cd 0.005
14 T-As 0.05 0.1 0.01
15 Cr6+  0.1
16 T-Pb 0.1
17 T-Cu 1
18 T-Zn 2
19 T-Se 0.02
20 F-  2.0(High F- area) 3.0(normal area)
21 CN-  0.5
22 Petroleum 5 10 1
23 Phenols 1
24 Benzene 2.5
25 Tri-cloro-aldehyde 1 0.5 0.5
26 Allyl aldehyde 0.5
27 B 1-3
28 Coliform  10000
29 Roundworm 2

*  Anionic Surface Activated Agent (surfactant)
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TABLE 2
Trends in agricultural use of water resources in China
Year 1949 1957 1969 1980 1993
Total use (billion m3) 103.1 204.8 274.4 443.7 525.0
Agricultural use (billion m3) 100.1 193.8 254.5 391.2 385.0
Irrigation area (million ha)  15.9  25.0  32.0  48.0  49.7
Ratio of agricultural use (%)  97  95  93  88  73
Water amount (m3/ha) 6285 7785 7950 8145 7770

TABLE 3
Percentage of river in each water quality class (1998 data)

River/Lake Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 >Grade 5
Rivers
Songhua 0 0 4 67 21 8
Liao 4.5 2.3 4.5 22.7 4.5 61.4
Hai 5 19 4 10 9 53
Yellow 0 24 5 47 12 12
Huai 0 11 17 19 6 48
Yangtze 4 67 4 11 10 4
Pearl 29 36 7 22 2 4
Average 6.1 22.7 6.5 28.4 9.2 27.2

Lakes
Chaohu X
Tai X X
Dianchi X
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TABLE 4
Monitoring results of water quality of Xiaohe River
Item pH SS COD BOD5 CN- As Hg Cr6+ Cd Pb Petroleum Cl- S2-

Range 7.06- 130- 144- 133- 0.004- 0.007- 0.00002- 0002- 0.002 0.005- 5.98- 114- 0.29-
7/53 210 331 155 0.056 0.180 0.00015 0.027 0.026 8.50 157 6.92

Irrigation
standard

5.50
8.50

<200 <300 <150 <0.5 <0.1 <0.001 <0.1 <0.005 <0.1 <10 <250 <1.0

TABLE 5
Analyses of farmland irrigation water
Vegetable
base

pH Hg Cd Pb As Cr F CN- Cl-

Chongming
Island

8.31-8.60 0.00002-
ND

0.0007-
0.0013

0.011-
0.024

0.002-
0.008

0.015-
0.026

0.02 775.3-
5150.7

Wusi Farm 7.85-8.39 ND-
0.0008

0.0004-
0.0022

0.008-
0.035

0.007-
0.027

0.040-
0.049

0.046-
0.078

ND 700.9-
2458.5

Meiqiao
Farm

6.62-6.78 ND-
0.0008

0.0003-
0.0009

0.024-
0.047

ND-0.006 0.011-
0.024

0.046-
0.050

ND-0.001 65.3-73.8
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Agriculture and water quality in India
towards sustainable management

ABSTRACT

To provide food security for its ever increasing population from the available cultivated
land, India must increase its crop productivity by bringing larger areas under irrigation and
by adopting yield increasing technological innovations which involve intensive use of agro-
chemicals. The desired level of extension in irrigated area is however likely to be constrained
by  the availability of fresh water. The irrigation sector may have to rely on polluted/
partially treated water to meet its requirements. Similarly intensive application of agro-
chemicals may have adverse environmental effects on surface and ground water. Recognizing
the intense agricultural-water quality linkages, this paper evaluates the likely impacts on
the basis of available empirical evidence, though the absence of a consistent and
comprehensive data base has often made it difficult to establish a direct link between the
two. The paper also attempts an identification of the alternative agricultural practices and
discusses the possible changes in the prevailing policy environment that could help minimize
the adverse environmental impacts relating to agriculture - water quality interactions and
encourage adoption of sustainable agricultural practices.

THE PROBLEM

The agriculture sector in India, which currently accounts for about 80 percent of the total
utilizable water resources of the country, faces major challenges in the coming years. By the
year 2025 the total population of the country is estimated to increase by between 38 to 46
percent from the current level of about 950 million to between 1313 and 1392 million
(Natrajan:1993, United Nations :1994, Visaria and Visaria: 1996). To meet the food requirements
of this estimated population, the country will need an estimated 322 to 365 million tonnes of
food grains (NCIWRDP:1998). The cultivated area of the country has already reached its plateau
of 143 million hectares while the area under food grains has stabilized at around 124 million
hectares. With no new major technological breakthrough likely in the near future, the only
option of increasing agricultural production is to use the available cultivated land more
intensively and adopt cultural practices which help raise crop productivity. While intensive
cultivation of available land will require conversion of currently rainfed areas to irrigated ones
by making irrigation water available to such areas, adoption of yield increasing technological
innovations will require more intensive application of agro- chemicals namely chemical fertilizers
and pesticides (Malik and Kashyap:1999).

This suggested path of increasing food/ agricultural production is however beset with serious
problems on at least two major counts. The first problem relates to the likely  constraints on the
availability of required quantity of desirable quality of irrigation water. It has been estimated

R.P.S. Malik
Agricultural Economics Research Centre, University of Delhi,  Delhi, India
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that for meeting the projected demand for food and other agricultural commodities, the gross
irrigated area under food grains and non-food crops will need to increase from the current level
of 71 million hectares to between 118 and 140 million hectares by the year 2025. As a result the
demand for irrigation water is likely to increase from the current level of about 428 Bm3 to
between 731 and 867 Bm3 in 2025 (Malik and Kashyap:1999). The utilizable water resources
of the country have been estimated at 1086 Bm3 which will leave only between 219 to 355 Bm3

water for meeting the demand of other water-using sectors. With increasing population and
rapid industrialization, the demand for water from other sectors is also likely to increase
substantially which will intensify further the inter-sector water allocation problems. Agriculture,
being the single largest user of water, will be under greater pressure to release part of the water
for use by other sectors. To meet the likely shortfall in the availability of required quantity of
good quality water for irrigation, the agriculture sector may have to increasingly rely on poor
quality/polluted water. The use of such polluted water for crop production may however cause
adverse impact on soils, crop quality, environmental quality and health of the people in areas
receiving such waters.

The second problem relates to the process of achieving enhanced crop yields. Since a more
intensive use of agro-chemicals, specially inorganic fertilizers and synthetic pesticides, is the
most plausible mode for realizing increased crop yields and thereby in ensuring continued food
security for the teeming millions, there seems no escape from continued reliance on these
chemicals. The intensive use of these chemicals however may cause serious environmental
impacts specially on soil and water quality.

Given such intense agricultural- water quality linkages, it would be desirable to ascertain
the likely impact that use of polluted water (partially treated/untreated) may have on agriculture -
soil health, crop quality, crop yields etc, on quality of environment and more importantly on
public health. It will similarly be desirable to ascertain the likely impact that intensive use of
chemicals in agriculture may have on water quality. The paper attempts an evaluation of these
likely impacts on the basis of available empirical evidence, though the absence of a consistent
and comprehensive data base has often made it difficult to establish a direct link between the
two. In view of the growing public awareness about environmental impacts and the increasing
emphasis on adoption of sustainable agricultural practices, the paper attempts an identification
of the alternative agricultural practices and discusses the possible changes in prevailing policy
environment that could help minimize the adverse environmental impacts relating to agriculture
- water quality interactions and encourage adoption of sustainable agricultural practices.

WATER POLLUTION SCENARIO IN INDIA: AN OVERVIEW

The pollution of water resources – both surface and ground- is a major environmental concern
in India. Pollution of water resources is caused by a variety of substances originating from
many different activities: while many of them originate from man’s use of water the others are
related to the introduction of undesirable constituents into water bodies, directly or indirectly.
In India the major sources of water pollution are: untreated municipal sewage due to unplanned
urban development without adequate attention to waste disposal; rapid industrialization without
provision of proper treatment of effluents and disposal of wastes; intensive agricultural practices
increasingly based on use of agro-chemicals coupled with over irrigation; and overexploitation
of groundwater causing intrusion of saline water in fresh water.

 The facilities to treat waste water are woefully inadequate. For example, in class I cities
only 5 % of the total waste water is collected, of which only 25% is treated. More than half of
the cities have no sewerage (Govt. of India: 1999). The magnitude of damage caused by such
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activities to India’s water resources can be judged from the fact that about 70 percent of rivers
and streams in India contain polluted water (Anonymous : 1997). Table 1 gives an overview of
the most polluted stretches of rivers in India and the quality problem of water therein while
Table 2 gives a synopsis of the groundwater problem areas of India classified according to the
nature of the pollutant. The water quality monitoring results indicate that organic and bacterial
pollution continue to be pre-dominant sources of pollution in India’s aquatic resources.

In a country where almost 90 percent of the villagers use pond water for bathing and washing
utensils and clothes, and more than 50 percent use the same water for cooking, the health

TABLE 1
Polluted river stretches in India
River Polluted Stretch Desired Existing Class Critical Parameters Possible Sources
Sabarmati Immediate upstream

of Ahemdabad
B E Dissolved oxygen,

BOD, coliforms
Domestic and industrial
waste from Ahemdabad

Sabarmati Ashram
to Vautha

D E Dissolved oxygen,
BOD, coliforms

Domestic and industrial
waste from Ahemdabad

Subernarekha Hatia Dam to
Baharagora

C Partly D and
partly E

Dissolved oxygen,
BOD, Coliforms

Domestic and industrial
waste from Ranchi and
Jamshedpur

Godavari Downstream of
Nasik to Nanded

C Partly D and
partly E

BOD Waste from sugar,
distillery and food
processing industry

City Limit to Nasik
and Nanded

B Partly D and
partly E

BOD Waste from sugar,
distillery and food
processing industry

Krishna Karad to Sangli C Partly D and
partly E

BOD Waste from sugar and
distillery industry

Indus
(tributaries,
Sutlej)

Downstream of
Ludhiana to Harike

C Partly D and
partly E

Dissolved oxygen,
BOD

Industrial waste from
hoseries, tanneries,
electroplating and
engineering

Downstream of
Nangal to Anandpur

C E Ammonia Wastes of fertilizer, chlor
alkali,and paper mills from
Nangal

Ganga
(Tributaries)
Yamuna

Delhi to Confluence
with Chambal

C Partly D and
Partly E

Dissolved oxygen,
BOD, coliforms

Domestic and Industrial
waste from Delhi, Mathura
nad Agra

In the city limits of
Delhi, Mathura

B Partly D and
partly E

Dissolved oxygen,
BOD, coliforms

Domestic and Industrial
waste from Delhi, Mathura
and Agra

Hindon Saharanpur to
Confluence with
Yamuna

D E Dissolved oxygen,
BOD, coliforms

Industrial and domestic
waste from Saharanpur
and Ghaziabad

Chambal Downstream of
Nagda and
downstream of Kota

C Partly D and
partly E

BOD, dissolved
oxygen

Domestic and industrial
waste from Nagda and
Kota

Damodar Downstream of
Dhanbad to Haldia

C Partly D and
partly E

BOD, toxic Industrial waste from
Dhanbad, Durgapur,
Asansol,Haldia, and
Burnpur

Gomti Lucknow to
confluence with
Ganga

C Partly D and
partly E

Dissolved oxygen,
BOD, coliforms

Industrial waste from
distilleries and domestic
waste from Lucknow

Kali Downstream of
Modinagar to
confluence with
Ganga

C Partly D and
partly E

BOD, Coliforms Industrial and domestic
waste from Modinagar

Quality Classification of Water: A: Drinking water Source without conventional treatment but after
disinfection, B: Outdoor bathing, C: Drinking water source with conventional treatment followed by
disinfection, D:Propogation of wildlife, fisheries, E: Irrigation, industrial cooling and controlled waste
disposal
Source : MoEF(1993)
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TABLE 2
Status of groundwater pollution in India
Sl Pollutant State Places of Occurrence (Districts)
1. Salinity

 (Inland)
Maharashtra
Bihar
Haryana
Rajasthan
U.P.

Amravati, Akola
Behusarai
Karnal
Barmer, Jaisalmer, Bharatpur, Jaipur, Nagaur, Jalore, Sirohi
Mathura

2. Salinity
(Coastal)

Andhra
Pradesh
Orissa
West Bengal
Gujarat

Vishakhapatnam

Puri, Cuttack, Balasore
Haldai and 24 –Parganas
Junagarh, Kachch, Varahi, Banskantha, Surat

3.
Fluoride Kerala

Andhra
Pradesh
Gujarat
Haryana
Orissa
Punjab
Rajasthan
Tamil Nadu
U.P.

Palghat
Krishna, Anantpur, Nellor, Chittoor, Cuddapah, Guntur, Nalgonda

Banskantha, Kachch, Amreli
Hissar, Kaithal, Gurgaon
Bolangir, Bijapur, Bhubneshwar and Kalahandi
Amritsar, Bhatinda, Faridkot, Ludhiana, Sangrur
Nagaur, Pali, Sirohi, Ajmer, Bikaner
Chengalpett, Madurai
Unnao, Agra, Aligarh, Mathura, Gizibad, Meerut, Rae Bareli

4. Sulphide Orissa Balasore, Cuttack, Puri

5.
Iron U.P.

Assam
Orissa
Bihar
Rajasthan
Tripura
West Bengal

Mirzapur
Darrang, Jorhat, Kamrup
Bhubhaneshwar
E.Champaran, Muzaffarpur, gaya, Manger, Deoghar, Madubani
Bikaner, Alwar,Bharatpur
Dharamnagar, Kailasanar, Ambasa, Arnarpur, Agaratala
Midnapur, Howrah, Hoogly, Bankura

6. Mangan
Ese

Orissa
U.P.

Bhubhaneshwar, Athgaon
Muradabad, Basti, Rampur, Unnao

7. Arsenic West Bengal Malda, Murshidabad, Nadia, 24-Parganas
8. Nitrate Bihar

Andhra
Pradesh
Delhi
Haryana
Himachal Pra
Karnataka
Madhya
Pradesh
Maharashtra

Punjab
Rajasthan

Tamil Nadu
West Bengal

Patna, E.Champaran, Palamu, Gaya, Nalanda, Nawada, Banka
Vishakhapatnam, E.Godavari, Krishna, Prakasam, Nellure,
Chittoor, Anantpur, Cuddapah, Kurnool, Khaman, Nalgonda
Nariana, Shahadra (blocks)
Ambala, Sonepat, Jind, Gurgaon, Faridabad, Hissar
Kullu, Solan, Una
Bidar, Gulbarga, Bijapur
Sehore, Bhopal (west and central part of state)

Jalna, Beed nanded, Latur, Osmanabad, Solapur, Satara, Sangli,
Kolhapur
Patiala, Faridkot, Firozpur, Sangrur, Bhatinda
Jaipur, Churu, Ganganagar, Bikaner, Jalore, Barmer, Bunda,
Swaimadhopur
Coimbatore, Periyar, Salem
Uttar Dinajpur, Malda, Birbhum, Murshidabad, Nadia, Bankura,
Purulia

9. Chloride Karnatka
Madhya
Pradesh
Maharashtra
Rajasthan
West Bengal

Dharwar, Belgaum
Bhind, Shagapur Sehore

Solapur, Satara, Amravati, Akola, Buldana
Barmer, Jaisalmer, Jodhpur, Jalore
Contai, Digha, Haldia

10. Zinc Andhra
Pradesh
Delhi
Rajasthan

Hyderabad, Osmania University Campus

R.K.Puram
Udaipur

11. Chromium Punjab Ludhiana
Source; Bhu-Jal News(1997)
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implications are obvious (AIIHPH: 1993). Further, although polluted groundwater has generally
been a localized problem, and not as widespread as for surface water, the potential impacts of
groundwater contamination on human health are perceived to be still greater as more than 80
percent of rural domestic water supply and 50 percent of urban and industrial water supply
comes from groundwater sources1. The health costs associated with impure water are staggering.
It is estimated that approximately 30.5 million Disability Adjusted Life Years (DALYs) are lost
each year in India due to poor quality water, sanitation and hygiene. For children the situation
is particularly serious: 0.5 to 1.5 million children under the age of five die annually from
diarrhea alone (World Bank: 1998).

While the impact of domestic and industrial sources of  water pollution, often referred to as
point sources, have been widely recognized and some efforts at controlling them have been
underway for some time, the impact of agriculture, which is perceived as the single largest non-
point sources of pollution, on water quality has evinced greater public concern only in the
recent past.

IMPACT OF AGRO-CHEMICALS ON WATER QUALITY

Agro-chemicals have played, and will continue to play, a major role in increasing food production
in India. The consumption of these chemicals has increased very rapidly in the recent past.
During the three decade period 1965-66 to 1996-97, the consumption of chemical fertilizers
has increased from a mere 785 thousand tonnes to more than 14,300 tonnes (FAI:1998). In
terms of usage per land unit area, the consumption of fertilizers per hectare of cultivated land at
an all-India average has increased from about 6 kg in 1965-66 to more than 98 kg in 1996-97.
There are, however, wide inter-regional variations in per hectare fertilizer consumption in the
country. In States like Punjab, Haryana, Tamilnadu and Andhra Pradesh the per hectare fertilizer
consumption is much higher than the all-India average. For example the per cultivated hectare
fertilizer consumption in Punjab during 1996-97 was about 300 kg.

The intensive crop production systems in India also rely heavily on chemical pest control.
Between 1965-66 and 1996-97, farm use of pesticides in Indian agriculture has increased almost
five times- from about 14.5 thousand tonnes to more than 72 thousand tonnes (Puri and Verma:
1999). In terms of per hectare use, the all-India average consumption of pesticides has increased
from about 107 gm to 507 gm per cultivated hectare. Concurrent with the increased intensity of
pesticide usage there has also been a compositional change in use of pesticides. Thus while the
proportionate share of insecticides in the total use of pesticides has declined, that of fungicides
and herbicides has increased over the years. Modern herbicides in general are short lived but
tend to have fairly high water solubility and low soil water partition coefficients that make
them susceptible to groundwater leaching. There has also been a shift in nature of pesticides
usage from persistent, chlorinated hydrocarbon insecticides, such as DDT, to compounds such
as the organophosphates that are less persistent but have acute toxicity. A number of pesticides
that are classified by WHO as highly hazardous and are either banned or highly controlled in
Western countries continue to be commonly used in Indian agriculture. Three crops - cotton,
rice and wheat account for more than 73 percent of the total pesticides used in Indian agriculture.

1 A 1994 survey of groundwater quality at 138 sampling locations in 22 industrialized zones indicated
that water was unfit for drinking due to high bacterial and heavy metal pollution (Government of
India:1999).
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TABLE 3
Nitrate concentration in groundwater: 1995
State/Nitrate
Concentration
(mg/l)

Number of
Samples

Average Nitrate
Level

Punjab
0-45 328 (69.8) 14.50
46-100 71   (15.1) 66.49
>100 71   (15.1) 238.97
Total 470 (100.0) 56.26
Haryana
0-45 222 (63.1) 15.41
46-100 62   (17.6) 68.58
>100 68   (19.3) 283.65
Total 352 (100.0) 85.59
N-W India
0-45 550  (66.9) 14.86
46-100 133  (16.2) 67.46
>100 139  (16.9) 260.82
Total 822  (100.0) 64.97
Note: Figures in parentheses denote percentages
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into pits or depressions from where the pollutants could percolate down into the groundwater.
The region also has a high density of cattle population, the density of cattle population being
around 200 animals/km2.

To assess the nature of relationship between observed nitrate level in groundwater and the
possible sources of nutrient leaching, micro level information on associated variables viz. level
of fertilizer use, livestock density, population density, crop cover, depth to water table, irrigation
practices, soil conditions etc is needed. However information on these parameters is not available.
As such, attempting to estimate the nature of statistical relationship between these parameters
is beset with problems.

 A close scrutiny of the available data however reveals that there is no discernible pattern of
distribution of nitrates in ground waters of Punjab and Haryana. At some places where high
nitrate levels in groundwater have been detected there is a sharp decrease in nitrate concentration
a short distance away and vice versa. Such sudden changes of nitrate levels in groundwater
would indicate that there is no regular pattern of nitrate distribution and pollution is localized.
This pattern of nitrate distribution together with other circumstantial evidence available would
however lead one to conclude that in shallow water tables of the study region, sewage disposal
along with leaching of fertilizers are contributing to the nitrate pollution of the groundwater-
the extent of contribution of each source is however difficult to evaluate.

PESTICIDE LOSSESTHROUGH LEACHING AND RUNOFF

A bulk of the pesticides applied for plant protection reach soil either through direct application
or indirectly as fall out from foliar sprays. Rainfall immediately after the foliar spray dislodge
the residue from the plant and deposit in the soil.  Plant debris from pesticide treated crop and
use of FYM and compost contaminated with pesticides are the potential sources of pesticide
found in the soil. Rivers/ canals which flow through the agricultural fields are easily contaminated
with pesticide residues present in the soil under the influence of rain and irrigation water by the
processes of surface run-off, sediment transport and movement of groundwater from aquifer to
river. The groundwater flows to river when its water table is higher than the river water level.

In India, while a lot of research work has been done on the incidence of pesticide residues in
crops, buffalo milk, mother’s milk etc, the evidence on contamination of water from agricultural
pesticides is scanty. It is however generally acclaimed that agricultural fields treated with
pesticides act as the main source of non- point pollution of river systems and other water
bodies. The available evidence also indicates that contamination of water from pesticides
involves only a few compounds. These compounds have relatively high water solubility, have
a low affinity for soil and are relatively persistent (long living).

Data on pesticide residues in surface water bodies is collected as part of the river water
monitoring system by the Central Pollution Control Board (CPCB) through a network of  “hot
spot” monitoring stations set up on all the major river basins spread throughout the country. A
majority of the monitoring stations are however located either near the urban agglomerates or
industrial zones. Analysis of the pesticide residue data conducted on Ganga river indicate levels
of various pesticide chemicals (HCH, DDT, endosulfan, malathion etc.) which exceed
international quality standards. On the basis of such an analysis it is however difficult to ascribe
the resultant pesticide residues detected in these water samples to agricultural pesticides alone.

To study the contribution of agricultural application of pesticides on the quality of ground
and river water, a systematic study was recently commissioned by the Ganga Project Directorate
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(Agnihotri: n.d).  Under this study, agricultural fields covering an area of 6 km2 were selected
on the banks of River Ganges where intensive agriculture is being practiced and farmers are
using pesticides routinely for crop protection. The area consists of several small fragmented
holdings growing a variety of crops –maize, potato, wheat, tobacco, vegetables etc. About 25
different pesticides are being used in the area depending on the crop, type of pest and availability
of pesticides. Most of the farmers in the area are illiterate and not even aware of the type of
pesticides they are using. They use whatever material is available to them through cooperatives,
plant protection department or recommended by agrochemical merchants.

Pesticide leaching in groundwater

 During the percolation of water in soil, a part of the pesticides is adsorbed on soil particles in
different layers of the soil profile. However, not all the pesticides that move along with water
reach the ground water. In ground water, pesticides in water are in equilibrium with that adsorbed
on soil particles of the aquifer. When water recedes either due to movement to the river or on
account of utilization for irrigation, industry or domestic use, a part of the pesticides remains in
soil in adsorbed form. When the water moves in the aquifer either from river or percolation
from the surface, a part of this soil-adsorbed pesticide can be released or desorbed in to the
water. Thus the amount of pesticide present in groundwater is a net result of adsorption-desorption
processes. In the present study HCH, DDT, aldrin, endosulfan and organophosphates were
apparently added to the soil at the rate of 300, 620, 46, 378, and 594 gms/ha. Of this, the net
amount of pesticide added to the groundwater from soil was calculated to be 0.229 gm of HCH,
0.158 gm of DDT, 0.112 gm of aldrin, 0.223 gm of endosulfan and 0.078 gm of organophosphates.
(Table 4). Thus of the 1938 gm pesticides added per hectare, 0.600g leached to groundwater.

Pesticides lost in river water

The transportation of pesticides from agricultural fields to the Ganges river water was calculated
on the basis of losses that occurred through surface run-off and sedimentary transport from soil
and movement of groundwater from aquifer to the river. The amount of pesticides moving into
the river depends on their concentration in the soil and rainfall. Table 5 gives the amount of
pesticides lost through different processes from agricultural fields to Ganga River. It is interesting
to observe that the loss of pesticides by sedimentary transport was much higher than surface
run-off. The loss of HCH and DDT was four times higher through sedimentary transport than
surface run-off. Similarly the loss of endosulfan and organophosphorous insecticides was 26
and 46 times more by sedimentary transport than by surface run-off. It seems that pesticides
that are relatively more soluble in water have a tendency to be adsorbed on soil particles and
these are readily lost by sedimentary transport. The loss of pesticides from ground water to
river was calculated on the basis of movement of water from aquifer to river and vice-versa.

TABLE 4
Pesticides leached into groundwater or adsorbed on soil from water

Pesticide Pesticide leached into
the aquifer (g/ha)

Pesticides adsorbed
on the soil (g/ha)

Net amount of pesticide
added to groundwater from

soil (g/ha)
HCH 0.807 0.578 0.229
DDT 1.426 1.268 0.158
Aldrin 0.550 0.438 0.112
Endosulfan 0.388 0.165 0.223
Organophosphates 0.690 0.612 0.078
Total 3.661 3.061 0.600

Source: Agnihotri(n.d.)
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Thus in the case of DDT and endosulfan there was net movement of these pesticides from river
to groundwater while in the case of other three, there was movement from ground water to the
river.

Thus the residues of HCH, DDT,  aldrin, endosulfan and organophosphates added to the soil
contributed as much as 0.708 g/ha HCH, 0.682 g/ha DDT, 0.200 g/ha aldrin, 0.374 g/ha
endosulfan and 0.926 g/ha organophosphate insecticides to the river. Thus in all, out of total of
1938 g/ha pesticides added, 2.890 g/ha was transported to the river.

The evidence presented above on the fate of applied chemicals on the agricultural fields do
suggest that at least a part of the applied chemicals do get lost either through leaching and/or
through surface run-off and pollute the groundwater and surface water bodies.

IMPACT OF USING POLLUTED WATER ON AGRICULTURE

As mentioned above, to meet the demand for water of ever-growing population and rapid
industrialization, increasingly larger quantities of fresh water are likely to be diverted to these
sectors. The waste water generated by municipal sewage and industrial effluents is also likely
to increase correspondingly. To minimize the impact of these effluents on further deterioration
of the already polluted water bodies, strict environmental regulations are being enforced.
Minimum National Standards (MINAS) for effluent discharge are being formulated for different
industries. Polluting industries are now increasingly required to install effluent treatment plants
either individually or as joint/ common treatment plants. Similarly municipal bodies are now
more than earlier required to at least partially treat the sewage before discharging it to water
bodies. Although these efforts have so far met with a limited success, it is expected that these
efforts will gradually succeed in containing the increasing pollution of water bodies. The
agricultural sector, to meet its demand for irrigation water, may have to increasingly rely on
this polluted /partially treated waste water for irrigation.

USE OF TREATED WASTEWATER FOR IRRIGATION

Use of wastewater for irrigation of agricultural crops is not new in India. There are a larger
number of instances where wastewater, directly from industries or from canals where municipal
sewage is regularly dumped, has been regularly used for years for irrigation purposes. However
little systematic effort has gone in to ascertaining the wider implications of using such waste
water for irrigation.

TABLE 5
Contribution of agricultural application of pesticides to the quality of  river water

Pesticide movement (g/ha)Pesticide Surface run-
off (g/ha)

Sedimentary
transport

(g/ha)
Aquifer to

river
River to
aquifer

Net amount of
pesticide moving

to river (g/ha)
HCH 0.240 0.406 0.151 0.089 0.708
DDT 0.149 0.556 0.218 0.241 0.682
Aldrin 0.068 0.091 0.077 0.036 0.200
Endosulfan 0.014 0.363 0.024 0.027 0.374
Organophosp
hates

0.019 0.867 0.071 0.031 0.926

Grand Total 0.490 2.283 0.541 0.424 2.890
Source: Agnihotri (n.d.)
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The River Ganges is the holiest and most important  river and flows through a distance of
more than 2000 km after descending to plains from Rishikesh. The Ganges basin is facing
environmental problems of unprecedented magnitude due to degradation of river water quality
as a result of disposal of industrial effluents, municipal sewage, solid wastes, agricultural run-
off, bathing of animals, dumping of half burnt dead bodies etc. As part of the efforts to cleanse
the polluted rivers in the country, the Government of India in 1986 initiated a massive
programme – the Ganga Action Plan (GAP) - to cleanse River Ganges. As part of GAP, 35
Sewage Treatment Plants (STPs) with a combined treatment capacity to partly treat household
and industrial waste water volume of 919.82 million litres per day have been constructed at
different points along the course of the river. Partly treated water from STPs is made available
to the farmers for irrigation in the adjoining villages of the GAP project. Since conventional
STPs reduce mainly the organic load these are not very effective in reducing the levels of
metals, pesticides etc, except that a larger fraction of these toxicants is retained with the sludge
generated by STPs, the remainder is discharge with the treated waste water effluent.

To analyse the implications of using treated/untreated waste water (metals and pesticides)
discharged by STPs on agriculture, public health and environmental quality of the areas receiving
the treated waste water from the STPs, a systematic study was undertaken (Metroeconomica
et.al:1997). The study focussed on two areas – one near Kanpur where treated waste water
from Jajuman STP plant was mixed up with untreated waste water for irrigation, and the second
near Varanasi where unmixed treated waste water was used for irrigation. Concurrent with
these areas receiving treated/partially treated waste water (exposed areas) for irrigation, adjoining
areas which used fresh water for irrigation (unexposed areas) were also selected in order to
compare the impacts.

Impact on  agriculture

Use of treated waste water and sludge containing elevated levels of persistent toxicants such as
metals and to some extent pesticides can lead, in long run, to built up of higher concentration in
soils as a result of accumulation. The higher metal levels in soil may cause negative impacts on
crops, inhibiting the growth in one or other way. However one of the most important factors is
the pH of the soils. Alkaline pH of the soil usually restricts the mobilization of the metal in the
soil matrix and consequently, the metal uptake by the crops can be controlled thereby reducing
the risk of metal toxicity.

 An analysis of the soils irrigated with waste water indicated that the mean level of Cd and
Cr were above their critical levels in the Kanpur region while the mean level of Cd, Ni, and Pb
were above their respective tolerable limits for agricultural crops in the Varanasi STP region.
However the disposed waste water in both the areas had mean pH value of about 8 and the
mean pH value for the agricultural soils irrigated with waste water was found to be more than
8. Therefore even though the level of a few metals were above their critical limits, their
mobilization and plant uptake might be restricted by their alkaline pH. Therefore, as yet there
seems no adverse impact of metals and pesticides on agricultural crops in these areas.

A questionnaire survey of individual farmers was conducted in all the four exposed and
unexposed areas to ascertain information from the farmers on agricultural crop production
trends during the last few years.  In the exposed areas near Kanpur STP, almost 90 percent of
the farmers reported that the crop yield had declined over the past few years due to some root
disease infestation causing plant death or weakness leading to small grain size. However in
Varanasi STP area an enhancement in crop yields was reported by about 65 percent of the
farmers. The reason for reduced productivity near Kanpur may not however necessarily be due
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to the use of toxic waste water. However the enhanced yield in Varanasi STP area is more likely
due to availability of waste water having a higher nutrient/fertilizer (N,P,K,Org C etc) value.

Impact on environmental quality

The impact of treated waste water toxicants on the environmental quality of the disposal areas
was assessed in terms of the differences in toxic levels in different media samples viz. water,
soil, crops, vegetation, food grains and biological samples obtained from exposed and unexposed
areas. An analysis of the collected samples shows elevated levels in all the environmental
compartments in the exposed areas.  These toxicants therefore have definite adverse impacts
on the environmental quality of the disposal areas.

Impact on health

 The impact of the waste water toxicants on human health in the areas receiving waste water
was assessed through a standard questionnaire based on the exposed and unexposed population
groups. Three different approaches – neurobehavioral analysis, environmental exposure risk
analysis and biomonitoring of the metals and pesticides levels in the human blood and urine
samples - were used to assess the health impact. The results of all the three approaches indicate
a considerable risk and impact of heavy metals and pesticides on human health in the exposed
areas receiving the waste water from STPs.

TOWARDS SUSTAINABLE MANAGEMENT OF AGRICULTURAL-WATER INTERACTIONS

An appraisal of some of the evidence on the fate of applied agro-chemicals, used intensively to
realize higher crop yields, vis-à-vis their effect on water bodies does suggest that applied
chemicals- in particular fertilizer-N and pesticides, do pollute the water bodies. While the
observed level of nitrates in water samples may not be ascribed fully to the use of N fertilizer
alone, the available evidence nevertheless does indicate that fertilizer- N indeed leaches to the
groundwater. Similarly while the available evidence on the effects of using partially treated
waste water for crop irrigation does not provide any conclusive evidence of using such water
on crop yields, it does provide conclusive evidence of harmful effect on the quality of the
environment and on human health. Given the harmful effects of using both - the treated waste
water and intensive use of agro-chemicals- sustainable agricultural production systems will
require consideration/ incorporation of principles that prevent or minimize contamination of
surface and groundwater. While a number of alternative management practices have the potential
to decrease agricultural water pollution, these however have yet to be developed into functioning
systems that are acceptable to the farmers or are economically viable. The following are some
of the available options that could help better manage agriculture-water interrelationships.

To reduce the potential for water contamination from use of pesticides, source control appears
to be the only effective means. Source control includes restricting the use of  more mobile
compounds in areas of high groundwater vulnerability; using integrated pest management (IPM)
or alternative pest control measures instead of prescription pesticide application wherever
possible. Source control also includes the use of good housekeeping measures such as proper
rinsing of spray tanks and disposing of containers. Of these the first and last are likely to be
more effective in the short run. Although intensive efforts are underway to encourage farmers
to adopt IPM practices, the farmers have yet to adopt these to any large extent as these strategies
are highly pest and crop specific. Initial results on switching over to IPM practices indicate that
such practices do result in reduced used of pesticides without any adverse effects on crop
yields.
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Farmers in the intensive agriculture areas, such as those in the North-West India, have a
tendency to apply fertilizers at levels somewhat more than that recommended by the scientists
or that required by the crop (Malik: 1988). In addition the use of different fertilizer nutrients is
highly imbalanced – farmers use N far in excess of the other two nutrients. Use of fertilizer
doses far in excess of the requirement by the crop and relatively more reliance on use of N
fertilizer, leaves a large part of fertilizer N unutilized by the crop thereby enhancing N loss
through leaching. While part of the differences in actual and recommended doses of fertilizer
could partly be due to differences in perceptions of farmers and the scientists about the
recommended doses, a large part of the overuse and imbalance in fertilizer use could be attributed
to the subsidies on fertilizers and the relative prices of different fertilizer nutrients. Reforms in
fertilizer pricing could encourage a more judicious and more balanced use of fertilizers leading
to reduced loss and environmental impact.

Given the harmful environmental and health effects of using partially treated water for crop
irrigation, widespread use of such water, possibly without  further treatment, may not be desirable.
To partially meet the additional irrigation water requirements, the efficiency of use of available
water for irrigation will need to be increased so that a given quantity of  available water can be
used to irrigate larger areas. More efficient use of available water through, amongst others,
curbing over-irrigation of crops will not only save water but also help in minimizing the loss of
applied agricultural chemicals from fields through leaching and run-off. Reforms in pricing of
irrigation water and rationalization of electricity prices for irrigation pumping will go a long
way in improving water use efficiency.

Although partial information on non-point sources of water pollution is occasionally available,
no agency in India seems to have a systematic program for monitoring potential non-point
sources of pollution. Special monitoring needs to be implemented to systematically monitor
agricultural pollution. It is also simultaneously important to define standard procedures for
data collection and its analysis. Inventories and studies of the main sources of pollution are
also essential. The resulting information will reveal which pollutants are encroaching and thus
how to better target pollution control activities. In addition to data on pollution, data on dynamics
of hydrological systems are also required. In general, pollution and water quality monitoring
should address management information needs.
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TABLE 1
Colour levels: Month 1 - Retention 3 days, 10 days, and 20 days for each filtering result
(Quality Standard B = 100), in pt. co.

Retention
HBTS

Sunter
River

Reservoir
3 days 10 days 20 days

Glory 255 52 59   a 40.25         a 21.25  a
Cormous 255 52 47.5  ab 93              a 19.25  a
Sand 255 52 50.25  a 37.5         ab 12       a
Duncan Test                                                P = 0.0428      P = 0.0603        P = 0.2161

Remarks: The same letter in the column means no significant difference; a different letter  means
significantly different.

TABLE 2
Colour level: Initial Stage -  Month I, II, III, IV, and V, Retention 3 days for each  Filtering result
(Quality standard B = 100), in pt.co.

MonthResult
I II III IV V

Initial stage 255.00 29.00 125.00 153.00 366.00
HBTS-Bulrush 24.250    b 1.250     a 5.250      b 48.750    a 27.000    a
HBTS-Sand 59.000    a 1.250     a 7.000      b 54.000    a 24.750    a
HBTS-Cormous 47.500   ab 3.250     a 6.500      b 23.250    a 20.750    a
HBTS-Glory 50.250    a 5.500     a 23.750    a 32.250    a 19.250    a
Duncan Test          P = 0.0428     P = 0.5936     P = 0.0496     P = 0.2772     P = 0.6053
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TABLE 3
Effectiveness of each filter for colour (in percentage)

Month I Month II Month III Month IV Month V
HBTS

Ret. 3 Ret.10 Ret.20 Ret.3 days Ret.3 days Ret.3 days Ret.3 days
Bulrush 90.49   a 90.98    b 98.039 a 95.69     a 95.8        a 68.14       a 92.623   a
Sand 76.863 b 84.216  b 91.667  a 95.69     a 94.4        a 64.71       a 93.238   a
Cormous 81.373 ab 82.843  b 92.451  a 88.79     a 94.8        a 84.8         a 94.331   a
Glory 80.294 b 85.294 ab 95.294  a 81.03     a 81           b 78.92       a 94.74     a
Duncan Test  P=0.0428   P=0.0603  P=0.2161 P=0.5936       P=0.0496      P=0.2772       P=0.6053

TABLE 4
The BOD value at initial stage, in the Reservoir, Retention 3, Retention 10, and Retention
20, for each filter (Quality Standard B = 10, D = 20), in mg/l

Month  I, RetentionHBTS Sunter
River

Reservoir
3 days 10 days 20 days

Sand 90.48 48.88 19.28            a 11.68            a 4.62             a
Glory 90.48 48.88 17.2             ab 12.18            a 12.05           a
Bulrush 90.48 48.88 12.48            b 12.86            a 10.82           a
Cormous 90.48 48.88 12.61            b 10.82            a 5.43             a
Duncan Test                                         P = 0.0815           P = 0.2974           P = 0.2811

TABLE 5
The BOD value at initial stage, Month I, II, III, IV, and V Retention 3 , for each filter (Quality
Standard B = 10, D = 20), in mg/l

Result Month I Month II Month III Month IV Month V
Initial stage 48.880 54.67 65.000 66.500 49.920
HBTS-Bulrush 12.480   b 8.850    c 23.28      c 16.153    a 17.900    a
HBTS-Sand 19.280   a 11.360  bc 7.100     ab 10.290    b 16.230    a
HBTS-Cormous 12.610    b 15.943  ab 3.798     bc 6.175      c 15.693    a
HBTS-Glory 17.200   ab 20.090   a 10.270    a 11.565    d 9.295      b
Duncan Test          P = 0.0815     P = 0.0214    P = 0.0061     P = 0.0006     P = 0.0152
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TABLE 6
Effectiveness of each filter on BOD content (in percentage)

Month I
HBTS

Ret. 3 Ret.10 Ret.20
Ret.3,
Month II

Ret.3, Month
III

Ret.3, Month
IV

Ret.3,
Month V

Bulrush 74.468  a 73.691  a 77.752   a 83.81 96.419   a 75.711   c 68.565    b
Sand 60.546   a 76.089   a 90.441   a 79.22 89.077  bc 84.526    b 64.063    b
Cormous 74.202   b 77.854   a 73.660   a 70.84 94.158  ab 90.714    a 67.488    b
Glory 64.812 ab 72.509   a 75.348   a 63.25 84.2       c 82.609    b 81.38      a
Duncan Test P=0.0815  P=0.2974   P=0.2811   P=0.0214    P=0.0061     P=0.0006     P=0.0152

TABLE 7
COD value, at Initial Stage, in the Reservoir, Ret. 3,  Ret. 10, Ret. 20 for Month I, for each filter
(Quality Standard B = 20, D = 30), in mg/l

HBTS Sunter river Reservoir Ret. 3 days Ret. 10 days Ret. 20 days
Sand 128.32 129.4 76.85        ab 64.16        a 52.5           a
Glory 128.32 129.4 88.99         a 64.16        a 57.75         a
Bulrush 128.32 129.4 36.4           b 64.16        a 49.64         a
Cormous 128.32 129.4 56.63        ab 56.14        a 60.9           a
Duncan Test                                                 P = 0.1223        P = 0.9514        P = 0.2378
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TABLE 8
COD value, at Initial Stage, Month I, II, III, IV, and V, Retention 3 for each filter (Quality
Standard B = 20, D = 30), in mg.l

Result Month I Month II Month III Month IV Month V
Initial Stage 129.40 143.86 71.00 180.00 180.00
HBTS-Bulrush 36.41       b 52.70       ab 39.13       a 40.00       ab 50.00       a
HBTS-Sand 76.86      ab 43.30        b 39.28       a 28.75        b 46.25       a
HBTS-Cormous 56.63      ab 43.40        b 35.70       a 36.25       ab 51.25       a
HBTS-Glory 88.99       a 62.00        a 32.15       a 46.25        a 46.25       a
Duncan Test        P = 0.1223      P = 0.1010      P  = 0.7202     P = 0.042        P = 0.2608

TABLE 9
Effectiveness of each filter to COD (in percentage)

Month I
HBTS

Ret. 3 Ret.10 Ret.20
Ret.3,
Month II

Ret.3,
Month III

Ret.3,
Month IV

Ret.3,
Month V

Bulrush 71.88   a 50.43    a 61.65    a 63.37   ab 54.75    a 77.778  b 72.222    a
Sand 40.63   ab 50.43    a 59.441  a 69.90    a 44.68     a 84.028  b 74.306    a
Cormous 56.25   ab 56.63    a 52.951  a 69.83    a 49.72     a 79.861  a 71.528    a
Glory 31.25    a 50.43    a 55.385  a 56.90    b 54.72     a 74.306  b
Duncan Test  P=0.1223    P=0.9514   P=0.2378   P=0.1010    P=0.7202    P=0.0420       P=0.2608
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TABLE 10
pH at Month-I, Retention 3,10,20 for each  filter (Quality Std. B = 6.5–8.5)

Month-I
HBTS Sunter river Reservoir

Ret.3 Ret.10 Ret.20
Bulrush 6.8 7.3 7.35       a 6.9          a 7.03         a
Sand 6.8 7.3 7.05       a 7.1         ab 7.03         a
Cormous 6.8 7.3 7.00       b 6.9          b 6.98         a
Glory 6.8 7.3 6.83       b 7.33        a 7.13         a
Duncan Test                                                 P = 0.0256        P = 0.0928       P = 0.7845

TABLE 11
pH at Initial Stage, Month I, II, III, IV, and V Retention 3 for each Filter (Quality Std. B = 6.5-8.5;
D = 6-8.5)

Result Month I Month II Month III Month IV Month V
Initial Stage 7.300 8.600 7.100 7.300 7.400
HBTS-Bulrush 7.350     a 7.150     a 7.375      a 7.075     a 7.175     ab
HBTS-Sand 7.050     ab 6.875     a 7.175      a 6.825     b 7.125     ab
HBTS-Cormous 7.000     b 6.925     a 7.000      a 7.050     a 6.900     b
HBTS-Glory 6.830     b 6.850     a 7.100      a 7.025     ab 7.125     ab
Duncan Test             P =  0.0256          P = 0.2226          P = 0.3463        P = 0.0805       P = 0.1438

TABLE 12
Coliform content, at Initial Stage, in Reservoir, Ret. 3, Ret.10,and Ret.20, Month I for each
Filter (Quality Standard B = 1000 MPN/100 cc)

Month I
HBTS Sunter river Reservoir

Ret. 3 days Ret.10 days Ret.20 days
Sand > 2,400 > 2,400 36            b 13            a   1             a
Glory > 2,400 > 2,400 244          c 105          b  29            a
Bulrush > 2,400 > 2,400  8             a 8              a   2             a
Cormous > 2,400 > 2,400 318          c 5              a   9             a
Duncan Test                                                             P = 0.05               P = 0.05               P = 0.05

TABLE 13
Effectiveness of the filters to Coliform (in percentage)

Month I
HBTS

Ret. 3 days Ret.10 days Ret.20 days
Bulrush 99.67               a 99.67                  a 99.93                a
Sand 98.51               a 99.46                  a 99.95                a
Cormous 86.74               a 99.80                  a 99.61                a
Glory 89.93               a 95.62                  a 98.81                a
Duncan Test                               P = 0.05                               P = 0.05                              P = 0.05
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TABLE 14
Number of E.coli at Initial Stage, in Reservoir, the average at Ret.3, Ret.10, and Ret.20
for each filter (Quality Std.B = 2.000 MPN/100cc)

Reservoir Retention 3 Retention 10 Retention 20HBTS Sunter
river Month I

Sand > 2.400 > 2.400 34            a 13           a 1              a
Glory > 2.400 > 2.400 62            a 61           b 12            a
Bulrush > 2.400 > 2.400 7              a 8             a 2              a
Cormous > 2.400 > 2.400 52            a 3             a 9              a
Duncan Test                                                     P = 0.05                    P = 0.05                 P = 0.05

TABLE 15
Effectiveness of each filter to E.coli (in %)

Retention
3 days

Retention
10 days

Retention
20 days

HBTS

Month I
Bulrush 99.72  a 99.67   a 99.93  a
Sand 98.58  a 99.45   a 99.95  a
Cormous 97.84  a 99.88   a 99.61  a
Glory 97.42  a 97.46   a 99.49  a
Duncan Test        = 0.05        P = 0.05       P =
0.05
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TABLE 1
Water quality standards for water
used in the irrigation of paddy
fields  (MAFF, 1970)

Item Standard values
pH
COD
SS
DO
T-N
EC
As
Zn
Cu

6.0-7.5
6 mg/L or less
100 mg/L   or less
5 mg/L or more
1 mg/L or less
300 �S/cm  or less
0.05 mg/L   or less
0.5 mg/L   or less
0.02 mg/L   or less
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TABLE 2
Water quality at dams created for irrigation purposes
(MAFF, 1993)

pH EC

�S/cm

DO
mg/L

COD
mg/L

T-N
mg/L

T-P
mg/L

Maximum 8.8 199 12.3 9.8 1.60 0.160

Minimum 6.4 7 3.0 0.7 0.10 0.004

Average 7.5 89 9.4 3.7 0.51 0.026
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 Rainfall Fertilizer Fixing Denitrification
5-20 70-110 20-30 20-40(?)

                                                             
Substantial load

            Irrigation                                       (Surface)
 Paddy

                                                                 Drainage
30-120

                     Harvest 80-100                       (Underground)

unit: kg N•ha-1•yr-1
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Status of agricultural water
quality in Korea

ABSTRACT

Following the heavy industrialization and urbanization in Korea during the last several decades,
water pollution by several sources of contaminants is becoming one of the major environmental
concerns because these natural resources may directly impact on human health. The objectives
of this paper are to discuss the current status of water resources in terms of quantity and
quality and to report on monitoring results of a case study addressing surface and groundwater
quality in a Korean agricultural area during the period 1995 to 1998.

In Korea, water quality standards were met only with a 32 percent success rate in 1998. To
improve this situation, government has taken several management actions to preserve water
quality such as by installing monitoring networks nationwide, designating water conservation
zones, setting a stricter standard for wastewater effluents, and enforcing several environmental
conservation laws, etc. In 2011, the total water consumption is expected to reach 36,673×106 m3/
yr, about 22 percent more than in 1994, while the supply of irrigation water is anticipated to
increase only by 1.8 percent during the same period. The Government plans to meet the
increasing water demands include the construction of dams or reservoirs.

Major pollution sources influencing the quality of irrigation water are wastewater from
industries and livestock, sewage and acid mine drainage (AMD). This pollution problem
continues to grow as both the human and livestock populations keep on increasing over the
years. In 1997, the Environmental Agriculture Law was enacted to enforce the Best Management
Practices (BMP) approach in an effort to maintain agricultural sustainability and to conserve
soil and water quality.

Modelling studies of the nitrogen mass balance in the agricultural ecosystem indicated that
more than 50 percent of the applied nitrogen fertilizers flow into water bodies, pointing to the
need for appropriate measures to control this pollution load. With concentrations of COD,
nitrate-N and ammonium-N observed in streams of the agricultural watershed at levels
exceeding values set under the water quality standard, this constitutes an evidence of the
impact of agricultural activities on water quality. Groundwater quality is also showing signs
of continuing degradation, with observed concentrations of salts and nitrate-N at levels higher
than those set under the water quality standard. Based on the values measured for parameters
such as electrical conductivity and concentrations of nitrate-N and ammonium-N, irrigation
water was classified into five categories in terms of quality.

Surveys have shown that more than 95 percent of the population in rural areas thought that the
agricultural environment was contaminated and that water pollution was the most serious
problem faced by the agricultural community. This suggests that the importance of water
management is acknowledged and that more effective and appropriate policies focused on
water quality conservation are required.

Jong-Sik Lee
National Institute of Agricultural Science & Technology, RDA, Suwon , Korea

Jae-E. Yang
Division of Biological Environment, Kangwon National University, Chunchon , Korea
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Korea is one of the few countries that can count on ample clean freshwater resources. However,
with rapid industrialization and urbanization since the 1960s, many water resources have become
polluted. This development has led to the deterioration of water quality and, as a result,
government has made various efforts to conserve water quality. For instance, monitoring
networks have been established nationwide, riverside areas have been designated as conservation
zones where industrial or agricultural activities cannot be located, and stricter standards for
wastewater effluent have been setting. Various laws contain water pollution control measures,
namely the Basic Environmental Policy Law, the Water Quality Conservation Law, the Mining
Safety Law, and the Waste Management Law.

Water consumption has increased sharply in Korea during the last decade, mainly due to
population growth, economic development, and improvement of living standard. With this
trend continuing, water shortage problem can be expected in the future. Thus, the water
management policy has been primarily focused increasing the supply to meet an ever-increasing
water demand. To cope with the water shortage problem, various management options are
carried out in Korea, such as the construction of dams and the instauration of measures to
conserve water resources in terms of quantity and quality.

Agricultural activities have been known for some time to contaminate the water resources.
While we agree in principle with this statement, it is unknown or difficult to determine the
extent of water pollution that can be attributed to agriculture. Recently, there has been some
progress in Korea with efforts to preserve the quality of water resources. In 1997, the
Environmental Agriculture Law was enacted with an objective of conserving soil and water
quality in agricultural areas, with the adoption of a Best Management Practices (BMP) approach
toward decreasing adverse environmental impacts and sustaining agricultural production.

Poor water resources management can cause the depletion of surface and groundwater
resources due to their overexploitation and pollution of these resources can seriously decrease
the proportion that is of suitable quality for utilization. As a consequence, we have to continue
to develop programmes not only to sustain the availability of water resources but also to maintain
and manage the quality. This paper discusses the status of water quality in Korea and the
effects of agricultural activities on water quality.

WATER QUALITY STATUS AND MANAGEMENT

Water resource management

Table 1 shows the supply and demand of water resources in Korea. In 1994, the total amounts
of water resources available were equivalent to about 32,000×106 m3/yr. Government plans are
to increase these resources to about 40,000×106 m3/yr by 2011, by constructing dams and
reservoirs or by using alternative management options. The total water consumption in Korea
will reach 36,673×106 m3/yr by 2011, or about 22 percent more than in 1994. Thus, water
resource management plan is essential in Korea to cope with the water shortage problems
expecting in the future. However, amounts of irrigation water will be increased only by 1.8
percent from 1994 to 2011. It is relatively lower rate increase as compared to other water use.
By 2011, reserve ratio of water source will be increased from 7.7 percent to 8.5 percent, and
ratio of dam water to total water supply will be 50 percent, as compare to 39 percent in 1994.

Surface water quality

The Korea Ministry of Environment divides the water quality standards for river and lake into
five grades (I to V). Table 2 shows the quality standards used set for river water, namely pH,
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Biochemical Oxygen Demand (BOD), Suspended Solid (SS), Dissolved Oxygen (DO) and the
Most Probable Number (MPN) test for coliforms. The nationwide river water system is divided
into 195 sections, with each section encompassing five major rivers. The purpose of this
classification is to facilitate the management of water quality within a river and the assessment
of whether water quality goals are achieved.

 Table 3 provides data on the status of water quality in rivers compared to the applicable
standards. The overall percentage of rivers with water meeting the standards is only 32 percent,
with the 55 percent and 38 percent as the two highest rates observed in the Kum and Han river
systems, respectively.  In the other river systems, the rates were below the national average.
These results demonstrate that a more adequate management is needed to conserve water quality
in Korea.

Irrigation water quality

Table 4 provides the results of a survey conducted at 500 sites to assess whether the water
quality was suitable for irrigation use. Guidelines were recently proposed by the Rural

TABLE 1
Supply and demand of water resources in Korea (106  m3/yr)

1994 2001 2006 2011

 Total amount of the water supply
  River
  Groundwater
  Dam
  Planned future exploitation of new water sources

 32 463
 17 221
  2 571

 12 671
-

35 064
17 093
 2 709

14 562
  700

38 747
16 997
 2 808
14 802
 4 140

39 802
16 953
 2 907

14 802
 5 140

 Total amount of water demand  30 144 33 662 35 014 36 673

  Public water
  Industrial water
  Irrigation water
  Maintenance

  6 209
  2 582

 14 877
  6 476

 7 435
 3 873

15 027
 7 327

 8 073
 4 074
15 226
 7 641

 8 706
 4 544

15 150
 8 273

 Reserves +2 319 +1 402 +3 733 +3 129

Source: (Ministry of Environment, 1998)

TABLE 2
Water quality standards for river water in Korea

Water Quality Standards
Grade Major Usage*

pH BOD
(mg/L)

SS
(mg/L)

DO
(mg/L)

MNP†
(per100mL)

I Drinking water level 1 6.5-8.5 <1 <25 >7.5 <50

II Drinking water level 2 6.5-8.5 <3 <25 >5 <1,000

III Drinking water level 3
Industrial use level 1 6.5-8.5 <6 <25 >5 <5,000

IV Industrial use level 2
Irrigation water 6.0-8.5 <8 <100 >2 -

V Industrial use level 3 6.0-8.5 <10 No solid
wastes floating >2 -

* Drinking water level 1: use as drinking water after the primary treatment.
Drinking water level 2: use as drinking water after the secondary treatment.
Drinking water level 3: use as drinking water after the tertiary treatment.
Industrial use level 1: use as industrial water after the primary treatment.
Industrial use level 2: use as industrial water after the chemical treatment.

Industrial use level 3: use as industrial water after the special treatment.
†Most Probable Number test for Coliforms
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TABLE 3
Current status of river water quality (Kwak, 1999)

Water Quality GradeMajor river water
systems

Total
sections I II III IV V

Achievement
Ratio (%)*

Total  195
(62)†

121 (33) 49 (16) 9 (4) 8 (6) 8 (3) 32

Han river  52 (20)  30 (11) 11 ( 4) 3 (3) 2 (1) 6 (1) 38

Nakdong river  40 (10)  32 ( 8)  6 ( 1) 1 (0) - 1 (1) 25

Kum river  38 (21)  20 ( 6) 12 ( 9) 1 (1) 5 (5) - 55

Yongsan river  12 ( 2)   5 ( 0)  5 ( 2) 1 (0) 1 (0) - 17

Sumjin river   6 ( 0)   6 ( 0) - - - - 0

Others  47 ( 9)  28 ( 8) 15 ( 0) 3 (0) - 1 (1) 19

† Numbers in parentheses indicate the number of sections where the water quality
standards have been met.

* The achievement ratio is the number of sites meeting the standards over the total number
sites.

TABLE 4
Number of sites meeting the guidelines for agricultural water use (Rural Development Corporation,
1997)

Parameters Reservoir
(253)*

Water pumping station
(111)*

Irrigation bank
(136)*

Total
(500)*

Ratio†
(%)

pH 32  4 13  49  9.8

EC 3 10  5  18  3.6

SS 62  7  9  78 15.6

COD 117 78 75 270 54.0

T-N 87 87 88 262 52.4

T-P 79 87 96 262 52.4

Cl 7 19  8  34  6.8
* Number of sites monitored for each category
† (Number of sites 100)/(total number of sites)

TABLE 5
Influence of pollution sources on irrigation water quality (Rural Development Administration, 1991)

pH EC NH4-N CODCr. SO42- Cd Cu Pb
Pollution source

(dS/m) ---------------------------- (mg/L) -----------------------

Reference* 7.4 0.12  0.7 10.1   5.8 0.003 0.004 0.016

Industrial complexes 7.4 0.55  9.9 52.4  67.4 0.005 0.029 0.023

Sewage 7.4 0.33  6.2 35.2  20.9 0.004 0.009 0.016

Mine waste 3.1 0.84  0.3 13.8 346.8 0.004 0.074 0.009

Livestock waste 7.4 0.39 21.0 63.3 - 0.011 0.036 0.059

* Reference corresponds to irrigation water sampled from sites not affected by pollution sources   



Water quality management and control of water pollution 117

Development Corporation (1997). While at about 50 percent of the sites the water quality
guidelines for COD, T-N, and T-P were met, those for pH, EC, SS, and Cl were met at less than
than 20 percent of the sites. Among the water quality parameters measured, electrical conductivity
(EC) was the one with the lowest (3.6 percent) compliance ratio, indicating an excessive salt
content in the water at most of the monitoring sites regardless of their category. Judging from
the values observed for the COD, T-N and T-P parameters and their above 70 percent compliance
rate, the water quality at pumping stations was relatively better than at sites of the other categories.
These results indicate that the water resources might be unsuitable for irrigation use due to
contamination or that the irrigation water quality guidelines in Korea might be too strict.

Pollution sources for water quality

The data shown in Table 5 provide a comparison of the values of selected water quality parameters
that have been measured at irrigation water supply sites affected by different pollution sources.
Where possible pollution sources could affect the quality of irrigation water, higher levels of
electrical conductivity (EC), NH4-N, COD, and heavy metals were observed as compared to
the control or reference site. The acid mine drainage (AMD) at the abandoned mining sites was
strongly acidic and contained high levels of sulfate and Cu, indicating that this source of water
might not be suitable for irrigation use. Wastewater from industrial complexes and livestock
farms contributed a high levels of NH4-N, COD, Cu and Pb into the receiving water bodies.
These results demonstrate a need for the proper control of possible pollution sources to prevent
the deterioration of the water quality in receiving waters.

The yearly changes in the size of the population and in the amount of sewage produced are
shown in Table 6. As can be seen by the trend in the data reported, the daily amounts of sewage
produced per person as well as the quantities of industrial wastewater produced and discharged
increased linearly with population.

The population in Korea has increased steadily over the period 1988 to 1994, to reach
46,249×103 in 1994. As well, the total amount of sewage produced increased form 10,190×103

m3/day in 1988 to 15,976×103 m3/day in 1994. The improvement in the living standard recorded
during the same period was accompanied by an increase in the amount of sewage produced,
from 243 to 345 L/person·day.

TABLE 6
Yearly changes of population, and amounts of sewage and industrial wastewater in Korea
(Ministry of Environment, 1998)

Division 1988 1990 1992 1994

Population 41 975 43 520 44 178 46 249

Amount of sewage (103 m3/day) 10 190 12 323 13 416 15 976

Amount of sewage (L/person·day) 243 283 303 345

Division 1994 1995 1996 1997

Amount of Industrial wastewater produced
(103 m3/day) 7 259 8 741 8 926 4 874*

Amount of industrial wastewater discharged
(103 m3/day) 2 316 2 375 2 511 2 618

* Until 1996, recycling cooling water in the iron-making industry was considered as
wastewater, but from 1997 only the discharged cooling water was considered as wastewater
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Table 7 shows the data to follow the
changes in the number of major livestock
animals and  in the number of households
involved with livestock raising. While
there has been a steady decrease over the
years in the number of such households,
the number of major livestock heads has
been increasing, namely for beef cattle,
pig and poultry by passing from
2 019×103, 5 463×103, and 73 324×103 in
1992 to 2 735×103, 7 096×103, and
88 251×103 in 1997, respectively. These
results point to livestock farming in Korea
becoming an activity carried out on a larger scaled and as an industry. Accordingly, the amount
of livestock wastewater discharged has been increasing over the years, reaching as high as
206.4×103 m3/day in 1997. Most of the wastewater was discharged into streams, thus causing
serious water pollution problems on account of its high content of organic matter and nutrients.
This situation signals the need for special measures to prevent the contamination of water
resources.

The yearly changes in the consumption of fertilizers in Korea are shown in Table 8. Fertilizers
are essential for food and fiber production, but when applied in excessive quantities on fields,
especially those that are sources of nitrogen and phosphorus, they contaminate receiving water
bodies and can cause their eutrophication. As an effort to avoid this problem, the Korean
government promulgated the Environmental Agriculture Law in 1997, a legislation focused on
sustainable agricultural production. Under the terms of this law, farmers are urged to adopt the
Best Management Practices (BMP), reduce the applications of chemical fertilizer and substitute
organic by-product fertilizers to chemical fertilizers. Accordingly, as shown in Table 8, the
chemical fertilizer consumption has been decreasing gradually over the years, passing from
1,104×103 metric tons (M/T) in 1990 to 882×103 M/T in 1997.

TABLE 7
Yearly changes in number of major livestock and livestock raising households (Ministry of
Agriculture and Forestry, 1998)

No. of livestock
( 103) No. of livestock farming house ( 103)

Year

Beef cattle Pig Poultry Beef cattle Pig Poultry

Amount of
wastewater

(103 m3/day)

1992 2 019 5 463 73 324 585 99 188 154.0

1993 2 260 5 928 72 945 570 70 192 169.6

1994 2 393 5 955 80 569 540 54 189 174.5

1995 2 594 6 461 85 800 519 46 203 168.2

1996 2 844 6 515 82 829 513 33 187 197.0

1997 2 735 7 096 88 251 465 27 162 206.4

TABLE 8
Yearly changes of chemical fertilizer
consumption in Korea (103M/T) (Ministry of
Agriculture & Forestry, 1998)

Fertilizers 1990 1995 1996 1997

Nitrogen   562.3 471.6 455.9 446.1

Phosphorus   256.2 223.2 208.5 198.8

Potassium   285.5 259.4 243.5 237.4

Total 1,104.0 954.2 907.9 882.3
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Table 9 provides data on residual concentrations of selected pesticides in the major rivers of
Korea. Pesticides are an important tool in agriculture and they contribute undoubtedly to food
and fiber production. However, some of the pesticides have an adverse effect on the environment
due to their persistence. Possible pathways for the entry of pesticides into aquatic environments
are through leaching and run-off from fields where they are used. Korea is among the countries
where the amount of pesticide applied per unit area of the arable land is the highest in the
world. Thus, the government has tried to adopt the concepts of biological control and integrated
pest management (IPM) since 1980s. Even with these efforts, the amount of pesticide applied
for disease and pest control has been increasing been increased steadily over the years.

Since the 1970s, the use of pesticides leaving important residues, such as organochlorine
insecticides, for example DDT, has been prohibited. As a result, organochlorine insecticides
are not detected in aquatic ecosystems these days (Table 9). As for organophosphorus
insecticides, residual concentrations are very low. In Korea, resources dedicated to research on
the effects of pesticide on water quality and the monitoring of pesticide residues in aquatic
ecosystems are not as important as those for similar activities focused on other contaminants.

Farmers’ consciousness of water quality

Table 10 summarizes the results of a questionnaire aimed at determining the farmer’s
consciousness of water pollution in agricultural areas. The national survey was administered
1 287 farmers in 51 sites across the country. More than 95 percent of the farmers felt that the
environments was contaminated in agricultural areas, with 10 percent of these regarding this
pollution as serious. Korean farmers considered water contamination to be the most serious
pollution problem. In the opinion of farmers,  the contaminants responsible for the pollution in
agricultural areas were as follows in order decreasing importance: garbage, livestock animal
waste, municipal sewage, agricultural sewage, pesticides, industrial wastewater and fertilizers.

Separately from the survey described above, a report from the Korea Ministry of Environment
(1998) revealed that the amounts of wastewater discharged from pollution sources were in the

TABLE 9
Pesticide residue in the water samples collected from the major rivers  (µg/L) (Jung et al., 1997)

Pesticides Han Geum Mangyung Youngsan Nagdong Somjin

Diazinone tr 0.08 0.40 0.12 0.06 tr

Dichlorpyrifos 0.025 0.105 0.063 0.074 0.044 0.023

Chlorpyrifos tr tr tr tr tr tr

Iprobenfos 0.30 0.50 0.83 0.73 0.56 0.10

Procymidone 0.08 tr 0.10 0.18 0.04 tr

TABLE 10
Farmer's consciousness on pollution of agricultural environment in Korea (Shim, 1994)
Category Result of questionnaire

Status of pollution Contamination (86.2%) > Serious contamination (9.6%) > Unpolluted
(4.2%)

Environmental component
seriously contaminated Water (54.4%) > Air (20.6%) > Others (19.9%) > Soil (5.1%)

Sources of contaminant of
agricultural water

Garbage (33.5%) > Livestock animal waste (17.8%) > Municipal
sewage (13.4%) > Agricultural sewage (13.3%) > Pesticide  (11.3%) >
Industrial wastewater (10.0%) > Fertilizer (0.7%)
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following decreasing order: wastewater, industrial wastewater and livestock wastewater. The
pollution load, however, resulting from the industrial and livestock wastewater even in small
quantity could be much higher than that from the domestic wastewater, possibly due to a higher
content of organic and inorganic contaminants. In Korea, about 70 percent of the industrial
wastewater are known to be treated prior to their release into receiving waters. This percentage
is lower, however, in the case of domestic and livestock wastewater.

Considering the common views shared by farmers on the level of importance to be given to
water resources management in agricultural areas, there is a need to set and promote within the
agricultural community more effective and appropriate management policies on water quality
conservation.

MASS BALANCE OF NITROGEN CYCLE IN AGRICULTURE IN KOREA

The diagram shown in Figure 1 provides the data applicable to the mass balance of the nitrogen
cycle for the agricultural sector in Korea (Lee and Jung, 1993). The total amount of nitrogen
input to the agricultural sector was estimated at 652×103 M/T, of which 61 percent was
contributed by chemical fertilizers. The amount of nitrogen used for domestic food supply was
only 171×103 M/T with an environmental load equivalent to 481×103 M/T.  The data show that
the fertilizer applications constitute the major input source for the nitrogen environmental load
and that the nitrogen losses were estimated at 132×103 M/T through denitrification, 36× 103M/
T through release into surface water and 6×103M/T through leaching into groundwater. Other
pollution sources are regarded as responsible for the rest of the environmental load (307×103M/
T), an amount equivalent to 58 percent of the total nitrogen input artificially (chemical fertilizer
+ imported feeds). If these amounts of nitrogen will not be purified and mixed with all the
water resources (662×109 M/T), then a pollution load of 5 mg/L can be expected as a result and
such a concentration is high enough to cause the eutrophication in the aquatic environment.

CASE STUDY ON AGRICULTURAL WATER QUALITY IN KOREA

Status of agricultural water quality

Water quality monitoring is one of the most important prerequisites for proper water resources
management. The largest portion of water use in Korea is associated with agricultural activities.
As part of the case study presented below, surface and groundwater quality in agricultural areas
in Korea was monitored.  Surface water samples were collected monthly from May to October
at agricultural vulnerable areas and groundwater samples, used for irrigation of plastic film
hothouse cultivation areas, were taken twice (dry and rainy season) per each monitoring year.

The electric conductivity (EC) and the pH of the samples were measured using the appropriate
meters, respectively, and their concentrations of K, Na, Ca, and Mg were determined by ICP
(inductively coupled plasma emission spectrometry). Their concentrations of NH4-N, NO3-N,
SO4

2-, and Cl-, were determined by spectrophotometry.

Table 11 shows the yearly changes in the monitoring data gathered during the case study for
irrigation water in agricultural vulnerable areas. Agricultural vulnerable areas are those regions
where the irrigation water is likely to be contaminated by sewage water, livestock wastewater,
and industrial wastewater, etc. The data provided in Table 11 point to an improvement in water
quality during the period 1995 to 1997. Chemical oxygen demand (COD), which is indicator of
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FIGURE 1
Mass balance of nitrogen cycle and pollution load from an agricultural sector in Korea (103

M/T) (Lee and Jung, 1993)

TABLE 11
Yearly changes of water quality at agricultural vulnerable areas

EC CODCr. NH4-N NO3-N SO42- Cl-
Year

(dS/m) ------------------------------ (mg/L) -------------------------------

1995 0.35 22.9 3.14 1.73 44.8 51.6

1997 0.24 13.7 2.45 2.00 34.1 29.3
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water contamination by organic matter, was decreased from 22.9 mg/L in 1995 to 13.7 mg/L in
1997. While there was a slight increase of the NO3-N concentration over the same period, but
the values for NH4-N, EC, sulfate, and chloride decreased. This general improvement of water
quality might be the results of good management, such as monitoring water resource,
management of wastewater, and reducing the fertilizer consumption, etc.

Water quality of the agricultural watershed

Table 12 shows the monthly changes of water quality in 1997 in a specific agricultural watershed,
in which the Kyoungan stream is the main water body. Major environmental components in
this watershed are forestry, paddy and upland soils, and residential areas. Agricultural activities,
particularly small scale livestock raising, are commonly practiced in this area. The Kyoungan
stream is one of three main tributaries which flow into Paldang Lake. This stream has a total
length of 49.5 km, with an average slope of 1/720, and the total drainage area is 589 km. The
stream is likely to be contaminated by sewage water and livestock wastewater. About twenty-
five million people and many industries in the Seoul Metropolitan rely heavily on the water
resources of Paldang Lake for drinking water  and industrial uses.

The water quality observed in July and August was better than in any other months, possibly
due to the dilution by the rainwater. The amount of rain during these months, which are in the
core of monsoon season, represents half of the annual precipitation. The water quality parameters
observed in the Kyoungan stream during the drought season was considered to be very poor.
Judging from the COD concentration, one of the key parameters to judge the water quality in
river water against the standard, the water in this stream can be used only for industrial and
agricultural purposes (Table 2).

Figure 2 represents the results of water quality monitoring along the Kyoungan stream in
1994, 1995 and 1997. While the chemical oxygen demand (CODCr) show a gradual decline
over the period, it was still high enough to prevent the use of the stream as a source of drinking
water, based on the Korea water quality standard for river water (Table 2). The COD value
should be lower than 6 mg/L in a source of water if it is to be considered suitable for drinking
water after a proper treatment. The NH4-N and NO3-N concentrations showed no significant
changes over the same period.

TABLE 12
Monthly changes of water quality of Kyoungan stream in 1997 (Lee et al., 1998)

EC CODCr. NH4-N NO3-N Cl- SO42-
Month

(dS/m) ------------------------------------- (mg/L) -----------------------------------

Mar. 0.267 10.7 5.02 3.11 33.0 31.2

Apr. 0.280 38.4 2.83 2.79 33.4 33.0

May 0.210 34.5 1.15 4.02 17.8 22.7

Jun. 0.485 27.2 1.94 3.28 49.6 37.2

Jul. 0.191 15.2 0.74 2.77 18.0 1.5

Aug. 0.299 8.1 1.23 3.53 32.9 2.7

Sep. 0.493 11.3 6.26 2.10 59.3 5.0
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Groundwater quality in a plastic film hothouse

Cultivation in a plastic film hothouse has become one of the major agricultural production
systems in Korea, mostly for vegetable and horticultural crops and with urban populations as
the main clients for that production. The controlled environment provided by this cultivation
environment makes it possible to plan several harvests of vegetables in a year. Since the ambient
temperature inside the hothouse is higher than outside, a higher rate of evapotranspiration is
observed. This intensive cultivation approach requires high input of fertilizers and pesticides,
resulting in the accumulation of high concentrations of soluble salts in the surface soils. Hard
pan in the subsurface soil is formed in some areas due to the compaction by the heavy machinery,
causing the increase in soil bulk density. Along with these phenomena, higher rates of organic
fertilizer application inhibit the water movement in the soil profiles.

The irrigation in plastic film hothouses in Korea depends mostly on shallow groundwater
resources. Contamination of groundwater with mobile ions such as nitrate is often reported,
exceeding the drinking water standard of 10 mg/L. Table 13 summarizes the monitoring results
of groundwater quality during the period 1996 to 1998 in areas where plastic film hothouse
cultivation is carried out, with measurements done at 165 and 195 sites in 1996 and 1998,
respectively.

As the number of cultivation years increased at a given site, the data reported in Table 13
show a deterioration of the quality in groundwater. Both the values of the electrical conductivity
and the concentrations of soluble salts increased in
the water samples analyzed. The increase in the level
of NO3-N from 10.8 to 14.2 mg/L during the two
year period is particularly noteworthy. In many
places, groundwater is also used as drinking water.
It is well known that high levels of NO3-N can lead
to the eutrophication of the water as well as be
harmful to human and animal health.

Under government regulations, the water quality
standards for the concentration of NO3-N in drinking

FIGURE 2
Yearly changes of water quality along the Kyoungan stream (Lee et al., 1998)
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TABLE 13
Yearly changes of groundwater
quality in areas of plastic film
hothouse cultivation

EC NO3-N SO42- Cl-
Year

(dS/m) -------- (mg/L) --------

1996 0.34 10.8 32.4 36.1

1998 0.36 14.2 35.3 37.8
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water and agricultural water have been set as 10 and 20 mg/L, respectively. According the
groundwater surveyed during this study was not of a quality suitable for drinking. When
groundwater is used for irrigation purposes, special control measures should apply to ensure
that just the adequate level of nitrogen is available for crop growth, for instance by controlling
the amount of irrigation water and nitrogen fertilizer applied.

CRITERIA OF WATER QUALITY

The electrical conductivity (EC) and nitrogen (N) level are important parameters for assessing
the quality of irrigation water. As shown in Figure 3, the quality of  irrigation water quality can
be been classified into 5 categories on the basis  of the values measured for NO3-N, NH4-N, and
EC (Jung et al., 1997).  Irrigation water in category I (N0E0) shows no detrimental effects on
crop cultivation due to low values of EC and N. In category II (N0E1 or N1E0) irrigation
management such as flooding and drainage with general fertilization is needed. In category III
(N1E1) fertilizer application and irrigation must be managed to ensure a reduction in the nitrogen
level. In the case of category IV , salt accumulation and crop injury due to an excessive nitrogen
level are possible adverse effects when irrigation water is applied continuously. Finally in
category V, the water cannot be used as irrigation water due to the higher salt and nitrogen
concentrations.

The quality of the groundwater surveyed in the areas where plastic film hothouse cultivation
is practiced falls in the category III(N1E1), thus indicating that proper management of irrigation
and N fertilizer applications is necessary. However, the monitoring data for samples of surface
water obtained as part of the case study show the quality to fall in the category I or II.
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Water quality management in Lao PDR

ABSTRACT

In general, the water quality in the Lao PDR is considered to be good. However, water
quality and related environmental issues exceed current national capacity to deal
knowledgeably with them, and long-term professional assistance is required for supervision
of the water quality monitoring programme, for technical assistance for laboratories, and
for providing basic interpretation, technical support and professional advice to national
officials.

COUNTRY OVERVIEW

The population of the Lao PDR is about 4.8 million with an annual increase of almost 03%.
More than 90% of the population relies on farming which depends on the Laos climate. The
whole country is subject to the monsoon which imposes a rainy season from May to September,
and a dry season from October to April. Annual rainfall varies from 1300mm to 3000 mm
depending on exposure to the southwest monsoon.

The important aspect of Lao demography is the unequal geographical distribution of the
population. This is related to the availability of good agricultural land, and to access and other
communication channels. In addition to geographical factors, there are other historical reasons
for the small population density.

According to the 1990 World Development Report of the World Bank, Lao PDR was rated
in 1988 as the tenth poorest country in the world with a per caput GNP of US$180. A more
recent estimate by UNICEF (1992) is US$216.  That agency also notes the major disparities in
income between urban and rural areas. The manufacturing sector accounts for only about 09%
of GNP. The national economy is highly dependent upon agriculture (mainly rice production
and some livestock) and forestry, with a combined share of over 50% of GDP and about 75% of
the labour force.  In the past the low population density has not encouraged high productivity in
agriculture or new employment opportunities, however this situation is now changing rapidly.

Agriculture is the main sector of the economy and some food crops such as rice, peanuts
and soy beans are produced in surplus during favourable years. Most are, however, consumed
domestically and only small surpluses find local market outlets. Local cash crops of cotton,
tobacco and tea are produced by subsistence farmers in addition to their traditional food crops.
Major cash crops are coffee, cardamom and sesame. The development of these crops will
depend on higher commodity and farm-gate prices, better trade policies, the improvement of
transportation, and agricultural extension programmes.

Fishing is a common activity in all lowland areas and in many locations provides an important
source of protein. Some fish are raised in ponds and paddy fields. The construction of new

Keobang A. Keola
Deputy Chief of Cabinet, STEA, Vientiane, Lao PDR
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hydropower reservoirs offers new opportunities for fish production in the Lao PDR. This,
however, depends on careful management of the combined river/reservoir environment and of
water quality, as well as on development of appropriate methods for fish farming, and new
skills in local communities.

Forestry is of great importance to the country’s economy. It is estimated that the total wood
volume of all types of forest is about 12000 million m3. At present, timber and forest products
are estimated to provide about 40% of export earnings.

The Lao PDR possesses the greatest hydroelectric potential of all countries in the lower
Mekong River basin. This potential is estimated at up to 13 000 MW. This compares with
2 500 MW for Vietnam and 350 MW for Thailand. At present, electricity is principally generated
by the Nam Ngum barrage in Vientiane Province, with 100MW capacity, and up to 80% of the
output is sold to Thailand, contributing 28% of the value of all exports.

NATIONAL POLICY ENVIRONMENT RELATED TO WATER QUALITY

Protection of environmental resources is highlighted in the Constitution of the Lao PDR. Natural
resources to be protected include those on land and in the water. As water is used by all, the
overall responsibility for maintaining water quantity and quality is at the national level. However,
without standards or legal and technical management tools, it is very difficult for national and
sectoral institutions to carry out their duties towards water quality protection.

The Science, Technology and Environmental Organization (STENO) has the responsibility
for coordinating national environmental strategies between line ministries who, respectively,
have responsibility for their jurisdictions.  STENO also has the responsibility for establishing
national water quality standards for different uses and for effluent criteria from industries, etc.
As yet, STENO has no direct influence over, nor access to, legal and scientific data to help it
implement its policy mandate. Nevertheless, even though the institutional capacity of the
government that is required to attain its water quality management objectives is weak, the
foundation for integration of economic development goals with targets for environmental control
are now in place. The Ministry for Industry and Handicraft (MIH), among others, has already
designed a set of standards for industrial emissions control. Because legislation will demand
that maximum allowable pollution targets be set for specific discharges, an established laboratory
within STENO will enable the linkage of scientific data with the legislative process so that
these targets can be monitored and maintained.

DOMESTIC WATER SUPPLY

Urban water supply throughout the country is presently under the responsibility of Nam Papa
Lao, a state-owned service provider under the jurisdiction of the Ministry of Communication,
Transport, Post and Construction (MCTPC). Water in other cities is the responsibility of
provincial Nam Papas.  The Department of Housing and Urban Planning (DHUP) of MCTPC
regulates urban water supply. At present, about 56% of the urban population has access to
piped water supply.  If coverage includes people within reach of supplies, but not directly
connected, the percentage of coverage is around 70%.  In addition, many older properties have
access to groundwater through dug wells that are now used only for non-potable supplies,
however there is no information on the extent of these supplies.  The main sources of water are
rivers. Springs and groundwater are also used in some towns and districts. On-going water
supply projects will supply an additional 24 towns by the year 2000. These projects will enable
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a significant increase in urban water supply coverage.  In 1997 the Asian Development Bank
provided technical assistance to the Government to prepare a project for developing piped
water supply and improving sanitation in about 30 more small towns. The population of these
30  towns was estimated at about 172 000 at the end of 1997.

Rural water supply is under the responsibility of Nam Saat within the National Institute of
Hygiene and Epidemiology of the Ministry of Health. The main sources for rural water supply
are springs and groundwater as many streams in remote areas have a torrential regime and

TABLE 1
Water supply and sanitation in Lao PDR.

Water Supply and Sanitation Urban Rural
Population served by public piped water supply to house 56%     (increasing) small
Population served by public piped water supply 70%     (increasing) 63% (increasing)
Population served by piped/covered sewage 0 0
Population served by septic system Not known Not known

TABLE 2
Water use and access to safe water in Lao PDR.

Use Percentage
Agriculture 82% (increasing) Safe Water Sanitation
Industrial 10% (increasing) Rural 63% (increasing) 32% (increasing)
Domestic/
Municipal

08% (increasing) Urban 56% (increasing) 37% (increasing)

quickly dry up after the rainy season. Overall service coverage in 1996 was believed to average
only some 57% for rural water supply. Coverage remains even lower in the remote, ethnic
minority-populated provinces. In the most critical areas such as remote rural communities in
the Savannakhet Plain, villagers may have to travel up to one or two kilometers to get two
buckets of water which is often of poor quality. Statistics on water supply and sewage are
provided in Table 1.

USES OF WATER

Because water is viewed as an expendable commodity in Lao PDR, little effort has been directed
towards resource conservation. To date, only a small fraction of the surface water has been
used while the groundwater remains practically unused except for water supply in rural areas
and some small towns.

Although groundwater is a significant source for some urban and most rural water supplies,
there has been no large-scale investigation of groundwater resources. Use of either ground or
surface water for town supply is not likely to affect other users because of the small volume,
but reduced water quality or quantity at the source will affect the town supply. Groundwater is,
and will probably remain, the main source of potential rural and small town water supply,
especially in lowland areas located far from surface water sources such as the southern and
western part of Champassak Province, and the hinterlands of the Sebang Fai, Sebang Hieng
and Sedone valley.

In recent years, increasing population pressure and development changes have reduced fish
numbers. Over-fishing, combined with environmental degradation from human activities has
resulted in a gradual decrease in natural fish stocks. The construction of dams has had serious
impacts on downstream fishing because of poor water quality released from the reservoirs,
obstruction to fish migration, change in habitat, and other associated changes in the river
downstream.
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WATER QUALITY MANAGEMENT

The overall situation for water and ecosystem conditions is outlined in Table 3.

The water quality monitoring network has been developed within the framework of the
Mekong River Commission’s basin-wide monitoring program. The Ministry of Agriculture
and Forestry (MAF), the Department of Irrigation’s tudy and Design of Irrigation Centre, are
involved in operational activities of monitoring and developing analytical measurement
techniques for basic chemical parameters together with the elaboration of procedures for data
treatment. This network derives from a mix of objectives and technically feasible methods and
for which the primary objective has been to enable data collection and related database activities.
General water quality objectives and criteria are missing which makes it difficult to derive
meaningful evaluations for use by decision-makers. The current network has, therefore, limited
value for some of the management judgements that are needed for sustainable and cost-effective
development of water resources of the country as a whole.

As part of the above activities related to water quality management in Lao PDR, a pollution
monitoring program for the Vientiane Integrated Urban Development Project (VIUDP), is also
being carried out by STENO. This infrastructure improvement program, starting in 1995 and
financed through the Asian Development Bank, will cover a ten year period and has drainage,
sanitation and solid waste management components.

There are five water testing laboratories in Vientiane: the MRC laboratory for Mekong
water characteristics; two laboratories at the Ministry of Public Health – one at the Drug Quality
Control Centre for drinking water and one at the Institute of Hygiene and Epidemiology for
pesticide analysis; the Vientiane Water Supply (Nam Papa) laboratory for key chemical
parameters only; and the STENO laboratory for domestic waste water. The Ministry of Industry
and Handicrafts has no laboratory and uses portable field kits but which can not be used for
biological testing.

TABLE 3
Water and ecosystem characteristics in Lao PDR

ImpactCondition adversely affected by
human activities Severe Moderate Slight No Impact
Length of rivers with natural flow regimes
that are affected

10%
Increasing

20%
Increasing

70%
Decreasing

0%

Area of wetlands with natural flow
regimes and/or water quality are affected

0% 20%
Increasing

80%
Decreasing

0%

Length of rivers with affected water
quality

0% 20%
Increasing

70%
Decreasing

10%
Stable

Length of principle rivers where aquatic
systems are affected.

0% 20%
Increasing

80%
Decreasing

0%

Length of minor rivers and streams
where aquatic ecosystems are affected

0% 0% 80%
Decreasing

20%
Decreasing

Surface area of principal lakes where
aquatic ecosystems are affected

0% 0% Negligible Close to
100%

Surface area of principle lakes where
water quality is affected

0% 0% Negligible Close to
100%

Area of upper catchments affected by
human-induced soil degradation and/or
erosion

10%
Increasing

40%
Increasing

50%
Decreasing

0%

Area of irrigated areas affected by
salinization

0% 0% 0% 100%
Stable

Area of country affected by
desertification

0% 0% 0% 100%
Stable
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Within the MRC Agreement on Cooperation for Sustainable Development of the Mekong
River Basin and, in particular, on problems of water quality, the Sub-Committee on Rules for
water quality was set up to assist the MRC Joint Committee in formulating rules for water
quality. These rules are to specify water quality standards, criteria, guidelines and measures to
protect the environment, and to establish methodologies and procedures to avoid, minimize
and mitigate harmful effects that might result from the use of the water of the Mekong. This
Sub-Committee has agreed on the outline of a broad Phase I framework that would: support the
existing water quality monitoring network; identify a legal framework to meet urgent needs for
water quality and pollution control in the Mekong countries; develop integrated water quality
and pollution control standards, criteria and guidelines; and to strengthen human and institutional
capacity.

SUMMARY OF ANALYSIS OF DEVELOPMENT ISSUES IN LAO PDR

Table 4 summarizes the poten-tial impact on water quality of land use and development issues
on a country-wide basis (Lyngby et al. 1997).

The impacts are divided into present and future scenarios. Based on this assessment it is
considered that on a national basis the development issues posing the greatest risk for water
quality at present and into the future are: (1) fertilizer and pesticide use in agriculture; (2)
deforestation causing increased
erosion and siltation problems;
(3) industrial development, and
(4) urban/rural development.
Some of these, at present, cause
little local impact but have the
future potential of impacting on
water quality to the extent that
there could be restrictions on
water use in certain areas.

Additional issues that merit
attention, not included in Table
4, are: modification of flow
regimes, drainage of wetlands,
change in ambient water quality
from upstream causes, changes
in aquatic ecosystems, increase
in surface water area from
hydropower reservoirs, human modification of upper parts of  catchments, urbanization including
rural to urban migration, and mining impacts including use of mercury at local scales for recovery
of alluvial gold.

CONCLUSIONS

In general, and based on the United Nations GEMS monitoring standards, the water quality of
rivers within the Lao PDR and the Mekong is considered to be good.  The level of oxygen is
high and nutrient concentrations low.  Sediment loads in the tributaries vary considerably, from

TABLE 4
Development issues and water quality

LAO  PDR Present Future
Land Use Issues
Salinization / salinity intrusion 1 1
Deforestation / Erosion / Siltation 3 2

Development Issues
Aquaculture 0 2
Industrial Development 0 2
Hydropower 1 1
Solid Waste Disposal 0 1
Mining 2 2
Agriculture:  Fertilizer , Pesticides 1 2
Oil and Gas:  exploration, exploitation 0 1
Ports and Navigation 0 1
Urban/Rural development 0 2
Pulp and Paper Mills 0 1

Scale of water quality problem:  0 =  No problem; 1 =  potential;
2 =  Moderate; 3 = significant
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41 to 345 tonnes/km2 /yr. Industrial and urban wastewater discharges also meet the standards
adopted by neighbouring countries except in a few cases of discharges from garment factories.

Groundwater is emerging as a large and generally untapped resource. Assistance will be
required to enable exploitation in a sustainable manner. Activities now ongoing in the southern
provinces is a good beginning, however extensive groundwater investigation and hydro-
geological mapping is necessary, and should lead to a master plan for groundwater exploitation.
Local capacity for appropriate well construction and development is also required.

There is also an urgent need to develop and implement a program of national data standards
that will provide reliable data for national policy development, water resources planning and
development, decisions on investments, and on regulation and remediation. Water quality and
related environmental issues exceed current national capacity to deal knowledgeably with them.
Long-term professional assistance is required for supervision of the water quality monitoring
program, for technical assistance for laboratories, and for providing basic interpretation, technical
support and professional advice to national officials.
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TABLE 1
Disposal of saline effluent in the Punjab area

Destination of Disposal (km3 )
Projects Status

Total Quantity
(km3) Canals River Ponds

Completed 1.88 0.48 0.79 0.61
On-going/new 1.75 0.26 0.73 0.76
Total 3.63 0.74 1.52 1.37
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TABLE 2
Salinity values at selected barrages in Upper Indus Region,
1985-86 (ppm)

Period
Chenab

at
Trimmu

Ravi at
Sidhnai

Confluence
Chenab &

Ravi

Chenab at
Panjnad

Indus at
Guddu

April  437
434
435

551
508
538

815
813
835

805
746
762

187
183
184

May  455
505
511

535
613
552

821
904
906

879
602
681

175
171
170

June  425
394
396

438
415
434

805
777
699

476
386
377

166
164
164

July  393
245
203

431
283
192

777
261
208

526
377
209

164
172
185

August  203
217
284

187
183
226

207
219
288

209
214
273

176
181
177

Sep 385
392
390

351
391
401

449
576
610

314
335
364

171
167
165

Oct  388
397
435

409
301
430

623
391
721

325
404
374

165
180
167

Nov  417
417
383

456
492
432

527
529
459

407
478
591

168
169
170

Dec  410
430
400

469
516
476

487
516
430

395
453
845

170
170
171

Jan  386
390
423

354
242
226

427
385
367

424
511
445

230
267
229

Feb  441
413
432

566
436
501

498
461
490

467
509
772

182
167
167

March  495
388
333

128
316
229

605
414
317

603
1074
685

169
169
167

Source: Pakistan Drainage Sector Environmental Assessment,
National Drainage Programme, Main Report, Vol. I (1993).
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TABLE 3
Overview of future drainage development

Area to be drained
into (ha)

Stage
Cumulative
Area Drained

(ha) Indus
River

Canals

I 866 061 367 919 498 142
II 1 123 225 593 341 529 884
III 1 357 921 828 037 529 884
IV 1 817 318 1 287 434* 529 884

* 62 760 ha from Pat Extension to go into evaporation
pond.

TABLE 4
Impact of the Right Bank Outfall drain (RBOD) discharges on the water quality of the Indus
River at Kotri

Salinity (ppm)
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec

1:25 Year low flow at Kotri
Existing 269 284 332 350 341 279 230 217 228 246 270 283
Stage-I RBOD 287 284 332 369 372 317 263 249 285 366 278 382
Stage-II RBOD 289 284 332 371 389 345 289 272 329 460 374 395
Stage-III RBOD 289 284 332 371 391 350 299 286 352 497 407 395
Stage-IV RBOD
(Total Flow) 303 284 332 371 519 354 330 350 450 746 585 415

28 m3/s to LBOD 286 284 332 350 341 302 298 334 420 598 270 283
56 m3/s to LBOD 286 284 332 350 341 279 265 318 289 417 270 283
1:10 Year low flow at Kotri
Existing 296 272 316 335 320 260 217 208 218 231 253 268
Stage-I  RBOD 270 272 316 342 339 294 233 233 263 309 258 355
Stage-II RBOD 271 272 316 342 348 320 246 251 299 374 316 367
Stage-III RBOD 272 272 316 342 350 323 251 262 318 401 336 367
Stage-IV RBOD
(Total Flow) 284 272 316 342 426 327 267 312 399 581 452 385

28 m3/s to LBOD 269 272 316 335 320 280 251 300 374 470 253 268
56 m3/s to LBOD 269 272 316 335 320 260 234 287 348 343 253 268
Source:   Right Bank Master Plan (RBMP)  Pakistan
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TABLE 5
Salinity of the mixed water at Kotri

Salinity (ppm)
Month Stage

I
Stage
I +II

Stage
I+II+III

Stage
I+II+III+IV

1 January 282 288 294 307
2 February 314 326 326 346
3 March 294 307 314 326
4 April 262 269 269 275
5 May 256 269 275 301
6 June 166 173 173 173
7 July 166 173 173 179
8 August 230 237 237 237
9 September 256 256 262 288

10 October 435 493 518 589
11 November 422 474 493 563
12 December 358 397 416 480
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TABLE 1
Description of the sub-areas of the Siniloan Watershed

Land Use Area
(ha)

Soil Texture Conservation
 Practice

Chemical
Application

Simulation Period
(days)

Grassland 11.43 Clay (0.74)# CN = 89* NA 302

Pineapple 51.30 Clay (0.95) CN = 91
Diuron (6.4

kg/ha)
365

Mt. Banahaw 264.30 Clay Loam (1.14) CN = 87 NA 365

Angat Dam 7813.00 Clay (1.4) CN = 80 NA 365

Lowland rice 8.00 Clay Loam ( 1.2) CN = 60
Carbofuran (17

kg/ha)
90

Vegetable 6488.00 Clay Loam (1.2) CN = 80 Diuron 90

# Values inside the parenthesis represent the Bulk Density of the soil (g/cm3).

* CN stands for Curve Number which is a critical parameter in the Soil conservation Service (SCS) method for
estimating runoff. The higher the CN  value, the greater the potential for runoff since it reflects low infiltration,
minimal conservation practice and minimal conservation practice and poor hydrologic condition.

TABLE 2
Basic Input Parameters Used in the Simulations

Land Use
Parameter

Pineapple Grassland Lowland Rice Vegetable Forest Bare

Chemical applied Diuron None Carbofuran Diuron None None

Application rate 6.4 kg/ha None 17.0 6.4 NA NA

Rate constant 0.002 per day 0.017 0.0140 0.002 NA NA

Sorption Coefficient 3.2 cm3/g 3.20 0.88 3.2 3.2 3.20

Bulk Density 0.95g/cm3 0.740 1.22 1.2 1.4 1.14

Available moisture 0.22 cm3/cm3 0.130 0.2 0.17 0.2 0.17

Drainage area 51.3 ha 11.40 8.0 6488.0 7813.0 254.3

Erodibility factor 0.14 tons/ha 0.12 0.15 0.22 0.20 0.20

Length-slope factor 11.3 8.94 1.0 16.1 6.19 42.1

Curve Number 91.0 89.0 60.0 80.0 80.0 87.0

Others*

* Other input data consists of time series climatological data such as daily rainfall, air temperature and pan
evaporation taken from a gauging station near the study site as well as soil/hydrologic and crop properties such
as moisture retention curves and crop characteristics/coefficients derived from the literature.



���������	
��������������������	������������		��
� ���

����	�
�� �"�	���� ��� ����� ��� 
�� ������ ��3
� ����� ���� 	���	����� ������ ���� ���� ��� 	
� 	��
%������%�'��� �	�
���� �� ������ 
�� ����� ���������	� ���	�� ������� ����	������ �
�
��	�� ���
�����������/��	����	��������	������������
����

	��
�������	������
����������������
������
	���%�'���
��"�	������0����������
�����	������
����������������	������	������������������0
�������������
����C�?((����������������	��!������������������"��
����
�����	���������
���
��������
��,�	
�(B�� �
��0"�������������
���
����?���
��&����"�	
�<���������
��
����"���	�������"��6�!��������������������	�	
�	���6��
������0�
����

��
�����������	�	���	
��
���!	��
����������"�#�����	

���� ���	�����
�����	����
����
��������������	�������"�
��5�	
�5��������������
��	�����
	���2
������
��:��������������	����������������	
�	�������
�����������
������(�,D��
������������	��!����������������
���	����
����������	��������
������	��� ���	�6����
�
�������"�����	�	�����	������"��
��	�	�������������������������	
�������������	���������
�
	��	��� �
�� ������ ��	���	���� ����� ��� ���
��	�	�
��� ��
��������� �������	�
�� ���� ����
���
������	�������
	��	�����
�	�����	�
��
��	�������
���"��
�0�
��	��
�����
���	��	����
	����
�����������	
�������������8
������	����������
����	�������
����������	��!�����
����������������	����������
�����	
�
����"�	��	�������������
��������
����
��
����
�����"
	�����
�������	"�������	�
����������������
�	���������������������������	�������
�����"�����
�
��	����
��	�����	������

�
	�����������	��
�
�
 �����!��

5	�:������� ��� �
��	��� ��� 	��� �
������ 
��A��!
�� ���� �����	��!��� ��� ������� �
���	�� 	

�	����	
�
����"���	����"��������������:�������
��	�����	���������������������!����
��	��
�
��	�� �� ������	�	���� ���� ��������� *@?�,� ��� ���� ����� �
�������� �� ���� ����� ��� 	��
������	�
���

�������������	���������"�
��	��������	���	�����������	���������
"����	�	����������	
���������������
�����������	�����	��"�����������*������	���������"�
��	�������	������	��
��������	���������	�
���

� �	
��	 ���� ��	�
		��	

�

��������	����

��	�����	�������������	��	�
����������	������

��������	��
��	���������	�
���
�	��������������	��	��	�	�����	������4��	������������	
���
��
�����
��
���+��	������	�
��������	�������������������
���������	������"��
�	���
��&����
&��"������ ����	��	������
����	��	�	�������������������������	����	
������������������	����
�����	������	������������
������������
�����	������������
����	�������������"��
�	��������#;
������
��(����
����	������	���	
	����
����
����
��	����������������
���	�����0�
�	�����
�
���� �?��,� 	
��� ��� ���	���� ����� �
��� �
��� �	�� ���
���� 	
� 	��� ����� ��	��
"� ��� 	��� �
��
�
����������	�
���"�	����@��0�*��	
��$��$"�����+��	�����	�����	�����	�����	
����	��
���
����
�	��
�
	����������������
���
���������
���
����
�	����"�"������
�	��������������	��	�
����������
�		���	���	
�	����	������
����*@B��
��	�������������������������
����	����������	�
�����	��	
�
��
������������	�����	���	"�
��	���	
���
���������	����
�����
��������������������	�	�
��
�
	��������������	���
���	����
��	�����������������������%������%�'���� ����	����������	
���	�����:52�����	����
���4�����	
��������	��	�����
��$�
��
���
��������	�������



��� ����		
������
�����������		��
��������������������������������������
	
��
��

$�	��%%���$��	
�
��	�!���

6��
� ������.
���1
��
�>��+��	����������������	���	������
����	��	�	��������������
���"�������	����
	
���
��������
��
���.����������"�����
����
���
��,**�C?�	
��$��$"�������
�	���������������

����"��4�������	�	
�,�,�����
��	
���
����
�	����"�"����6���	����	
�	���)�������������	��
�������
����
����	����������"�����	
���������	���������	
����������#����;����������	�0
��
�����	��� ��
����	
	���
��((���
�������	��
������������	���
���"������
���
������	
�	��
���������������	��	��	����������
��������
����
��
�����	�����������������+��	�����
�	�/	�	��
�������	�	�
��
��	���������������������	����������%������%�'�������	����
���������

�����
�
	����
���������������������
����3
��
�����

#
���������	�����
�����	
�
����"���������������		�������	������	�������	����
����
����	�

��,**�C?�	
��$��$"�����
����������
	�������������������"�������
��������	���
���������
��
	����
�
	����������
���	�����
���� ��
����
����	��
���(C�	
��$��$"�����������������
�����	���	���������	����
���
���(B������������ 	����
�	���
����
	�	
��
���	�
���������;��
:������'��#�������������
���
����
���������������	
��$��$"����������������#�
� �	�
� ��
���*���	�����	������	
��*�@����
��	
���
����
�	�������	������	�*��"����� �	�
����	���	
�
����"

��	����
���	�
�����������
	����	�
�����#�����������������������"����	��
������	
�	��
���������������"�	�������	���2������������+��	���-�.� ���������
��
���
������������������
������	����������
����
���������
�����	
�(���	
��$��������
�	������

+�����������	��"�
���
����
��
���	�	���-����2���������%
��:��
������
����
����	��
�����CD	
��$
��$"����
���������������������
�	���������������	��	��
��������"��������	��	����
����
��
�	��������	����
�	�������������������	���.����
�����	������������
���	��������	���������

���
����
����
��	���.����
�����	��������������@�?������,**�C?�	
��$��$"����
��	�����������
������������������	�	�
�������������	����"��������
����"��
����������	��������������	��

#��������<������	�
���	�	���2���������2���	�	�
�> ���+	������
����	��	�	������������<��
������
���	�������������������	���4���'�"��	�	����
����������� �	�
����	���������������4��	�������	��	
����������0�����
��,,����"����@�B�
��	�������������������������"��������������������	�����@
��"���.����������"���
��	������	�����
����	�	�
��
��C��,C���$%��
��"�,��(C���$%����������	
	��� �
��� ������� ��	�� �@���"�������� ���	� ������������� 
�� 	��� ��������� ���� �		���	��� 	
� 	��
�
��������
�������	
��/�
���	��������"����
��������
����
��
�����������������	�
��
�����
��
��	���	���� ���	
�� ����� ��� �������� ��	����	"�� �
��� 	�/	���� �	�� �
��	��	�� �
�	�
�� �
��������	�
����	�$��
�����
������	"���	��

������,���
�������	����
�	��	��
��	�����
����
����������������	�����
��	��
����������
�
�	������
����2A��������������	��2E��������	�����
��	�����������	�	����
�����������2615��
+	�������������	��	�������	������	�
���	�
����������
����"�?��*�,���$%������
�	�	�
������
��
���������$%��������
�����"�	����������	����������
����	����������	�
��
��	������	��	�
����
	��	�	�����������0��������
�����������������
�	�����	����3����	����������	���
���������
��		��
����������"����	���������	�
��

+�������	��"�
��	���F����0
�0�����G���
����
���
�������������7����
�������(�������
�������
��
�������	�������	��	
��������	����
���
�����������	�
������
����/������*B�
��	����������
��
��	��8��������	��	�	���������	������
�	���	�
�	��/���	�
���������	�����	����	���������	�
��
+��	��������	��	��"��	�����	���		��	�����������	������	�	�
����'����	���������	�
��������
�
���D	
�@������������	����������0
�0�������
�����
��	��������������������
����,���	
�*�,*
��$%���
����	�	�
����
���
������	
����?@�	
�,�??B�
��	�������������
��	�
��C��,���$%�
�����������������
��������	
�	�
�����
	����"�7����
�������(�������	�����
����
���
�
 	�!���� ������ �
�� ��**� 	
� *�*?B� 
�� 	��� �������� ��
��	� ������ 	��� ���	� *C� ��"�� ��	�



���������	
��������������������	������������		��
� ���

�������	�
���.
�	�����
����
������
�������������������������������	�����3����	�	
�	���.����
��
��	������������	
�����
�	
�����	
������	���	����
�	�����	�
��
��	�����	���
�����

 ���
�	����
�������������
������	��������������������
��"��������	���@�������'���	��
��
�
�	����	�����
����	�	�
��
�����@��������	��	������
����	��	��	��������	����
		
����"����	�
,��
�	�����	�����
����	�	�
��
���
�������������������
�����������
��	����������������������
	
�	����
�����������
����	�	���������������
��������������	��8
������	����
��������������	�
�
��	� 	
� �� 	���	� 	
� �
�����	�� �����"���� ������� ��	������� ��� 	��� 
������� ���	�����
�
����	�	�
����/�����	���	
�����������	�
��,������
��
�	���
����������

����
���������
��
��������	
�����	�
����������
���������
��

.�����	��������������
��������������������������
�	�����
��
��"�����������	�����	�
��
��� ��� ���� 	
� 
����
��� �
�� ����"� 	
� ����"� ���� 	��� �
��� �
��
�� ���� ��� �/���	��� 	
� ��
�������������
�	��������	����	�������"�����������������	�
��������������������"�������
	���6��
������0�
������	������	�������
��	��������������
���	�
������
���	�����	���
�����
������������������������������
������	�0��
��������������������+	������
����	��	���
������
�
����
��
���������
�	������������������
�	
�������	���������	�
��	�
��������	�
���
�����
��	������	�������������	��������	������
���
�����/��������"���		�����
��������
���4���	�"
���������
���
������������	�	��������������
��������8
������
����������	�
��
��	������	��	�
�
���	��	��
�	�
��	���������������������������
��������	�������"���	��������������������
���������
	�
����	����
����
�����

��������	��
��	����
��������������	��	��	�	�����������������
���������"��
���	����
��
�
�����������	������	��������'����	���������	�
���.����������"�	�����������������������	��
��	��	�����
��"�C���"����	�����
����	�	�
��
��*�*?�������������������������	����
		
����"�
�,������������������3��	���	��?����"����	�����
����	�	�
��
��,�*�������.�����	���	
������
����	� �
�#��
����� ��� *� ����� 	���� ������	�� 	��	� �
�����	�� ��
����� ����� �
������ ���
������������	���	������"���������������������
���	�����	��	����	"���
����������+�����	��	��
�	��"����������������
����	��	���������������	��	����
������	
�(�@,���������	���"���� 

TABLE 3
Representative output of the runoff sub-model for the pineapple plantation

DAY
RAIN
(cm)

DURATION
(hr)

PQT
(mg/l)

PXT
(mg/l)

TOTAL
(mg/l)

PREM
(mg/l)

1 0.25 2.0 0.00000 0.00000 0.00000 67.2271
2 1.13 3.0 0.504723 0.725581 1.23030 62.7032
3 1.03 3.0 0.376995 0.497739 0.874734 58.7433
4 5.02 7.0 2.297530 10.15780 12.45540 44.6644
5 0.00 0.0 0.00000 0.00000 0.00000 44.5707
6 0.00 0.0 0.00000 0.00000 0.00000 44.4772
7 1.03 4.0 0.267414 0.300527 0.567941 41.7208
8 0.00 0.0 0.00000 0.00000 0.00000 41.6333
9 0.00 0.0 0.00000 0.00000 0.00000 41.5460

10 0.00 0.0 0.00000 0.00000 0.00000 41.4588
11 0.00 0.0 0.00000 0.00000 0.00000 41.3718
12 0.00 0.0 0.00000 0.00000 0.00000 41.2850
13 0.52 3.0 0.000656163 0.000905515 0.00156168 39.5921
14 1.08 3.0 0.267689 0.368958 0.636647 37.0104

15 3.65 7.0 1.200390 3.719270 4.919660 30.8621
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TABLE 4
Representative output of the runoff sub-model for the pesticide spill simulation

DAY RAIN
(cm)

DURATION
(hr)

PQT
(mg/l)

PXT
(mg/l)

TOTAL
(mg/l)

PREM
(mg/l)

1 0.00 0.00 0.00000 0.00000 0.00000 1248.22
2 3.16 2.00 16.43460 1.29063 17.7253 1084.59
3 0.20 4.50 0.00000 0.00000 0.00000 1069.51

4 4.02 3.00 22.646100 1.79283 24.4390 926.822
5 0.84 3.00 0.00000 0.00000 0.00000 913.937
6 0.94 1.00 0.00000 0.00000 0.00000 901.231

7 3.14 4.00 11.69290 0.619187 12.31210 783.442
8 0.00 0.00 0.00000 0.00000 0.00000 772.551
9 0.10 1.50 0.00000 0.00000 0.00000 761.810

10 0.14 0.25 0.00000 0.00000 0.00000 751.219
11 0.00 0.00 0.00000 0.00000 0.00000 740.776
12 0.00 0.00 0.00000 0.00000 0.00000 730.477

13 2.40 3.00 4.342040 0.215271 4.55731 637.071
14 0.30 0.75 0.00000 0.00000 0.00000 628.214

15 0.26 1.00 0.00000 0.00000 0.00000 619.481
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TABLE 1
Result of rice yield production at different liquor rate

Run
No.

Chemical
Fertilizer

Spent wash
Liquor

Rice yield
kg./rai

Time
compared

N-P2O5-K2O
kg./rai

m3/rai Year
1989

Year
1990

Average to control

1
2
3
4
5

0 - 0 - 0
6 - 6 - 6
0 - 0 - 0
0 - 6 - 0
0 - 0 - 0

-
-
30.0
30.0
60.0

131
286
312
312
384

188
299
389
365
380

159
293
351
339
382

1.0
1.84
2.21
2.13
2.40

Remarks
Liquor characteristics  pH 7.8 , COD 45 000 mg/l , TS 51 000 mg/l, EC 19 500 (�  mhos at 25o C)
Plant nutrients in the liquor (mg/l): N 1 533 , P2O5 183 , K2O 7,230 , Ca 900, Mg 680 , Na 52 , Fe 40,
Mn 2 , Zn 4 , Cu < 1.0
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TABLE 2
Comparative soil analysis using swl (spent wash liquor)

1. CONTROL:  no SWL 2. Utilize SWL for 7 years
(every other year)

3. Utilize SWL for one year (in
1998)

Before rice
begins
growing
(June/98)

Before rice
begins
growing
(June/98)

After rice
is grown
(Dec/98)

Before rice
begins
growing
(June/98)

After rice is
grown
(Dec/98)

ph 5.0 - ph 8.8 7.5 ph 7.7 7.7
N mg/l 435 - N 200 170 N 300 335
P mg/l 3 - P 9 2 P 17 9
K  mg/l 10 - K 340 220 K 1000 237
Rice begins growing in July
1998

Apply SWL betweeen Dec-
May each year, with 150 kg
N/rai. Start growing rice in
July/98 for harvest in Nov/98.

Apply SWL between Dec-May with
150kg N/rai. Start growing rice in
July/98 for harvest in Nov/98.

Notes:  1 rai = 1600 m2;  SWL contains: N=1 500 mg/l, P=150 mg/l, K=4000 mg/l.

TABLE 3
Cost of treatment in relation to spent wash liquor

Activity in relation to Spent Wash Liquor
Treatment

Cost to Distiller
Baht/m3 (US$/m3)

Benefit to farmer
Baht/m3 (US$/m3)

Composting (C) (give away free)

Composting (C) (after sale)

Land Application (LA) (give away
free) to recover dried organic solids

Road Spray (RS)

Direct Agricultural Use (DAU)
- delivered by direct pumping
- delivered by truck

Fish Feed (FF)

Evaporation & Incineration (E&I)

Anaerobic Digestion+TF+AS+PCT

40 (1.0)

20 (0.5)

20 (0.5)

40 (1.0)

4.0 (0.1)
20 (1.0)

40 (1.0)

800 (20)

300 (7.5)

30 (0.75)

10 (0.25)

100 (2.5)

no dust

50 - 100 (1.25-2.5)
50 - 100 (1.25-2.5)

500 - 1 000 (12.5-25)

-

-
TF =  Trickling Filter;  AS=  Activated Sludge;  PCT =  Physical Chemical Treatment



��� ��
	
���
�����������
��
		���������	
�����
��������
�	��

� �� ����� ����������	 ������
� ���� ����
 ������� �

2�	��������
��������������������	
���9�������(�"""��������������
�#��	
�
���
+����	��/���������	

��������
�������������
����������
������!'�"""��������	����
��
�
���������"�"(;�����!"��������
���������������
��������=�����
������������������
��������������������
�������������
�9����������
67A��������
��

�
���'�"""�3��" � �� � ��
���
����

�	���������������������������������������������������������
����������������
������
����
�
� '"�3��" � � � � � �
���
��������	
����
����
3	���
��������� '""�8�������8�	�@�
����7
��	����
�����%
��	�����������������
������������������
�����
������������������
����	������������
��
7
��������	
�������
�'""�3��" � �� � �����	
���
������	���9�����
���
���������������
�����'""K3
�" � �����@�
�����	���������������9����������
�������
��������
������������
�����%
��������"�3��" �

�����

� �����
��

=������
���������	
��
�	���������
��B�����������5�
���B5������	
���
�� ���	���9��������
5������	��	�����������
���,������	���/""�"""�� � ������9��������
������
�����
�������!�""" 
<K"""�����������������
���
�	��
�����������	
������
�������	�����������
��
��	
���
���
������' 
/����
����	
���9��������������������������
�����%
������
������������
����
������
�
������
��+
�	����+���
�������+�����	
��������
��������
����������	
���
���	
���������B5����'�"�8�	�@� �

�����9�����	
�
����	
�����
��4��
�
�������!"�8�	�@� � ��	�	����
9�����
�������	
�����������	��
�
	
������
�����%
���	�����������	
����
��
��
9���
������	
�����
�����	����B5��
�	�������
�
��� �
� ��
������ ���� �	
� ����
��� �	�� ��
� �
��� ����� ��� �

��
� �	
� ��

� ��9����� �	
�
� ��� ���+
	��
�
�+�
����	���9���������
���
����������
���������
��	
�������
����
����	��������
�����	

����� 
3����
�� ��� 	��� ��� �
��� ���	� ������� ������� ����
���
�+� ��� ��� 
�������
������� ���

��������������������
�����
�+�����	
���

����
���������������	
��������
���,�������	������
��� ��� ������������ ������+��	
�
���
� ���� ������� ����
���
�� �	��� ��� �
� ��
�� ��� �����
�
��
���
������
�����%
���������������
�����	������4��
�����������	�
�
�����������
��
�
����
��
������������������	��
���������
��
�
�����������������
���



���������	
��������������������	������������		��
� ���

�������������
��������	
���������������������
�������
����������������������
	���������	��

��	��������	������� �	��	��

����������	
������	�	������	�����������
���	������	���	���������

� �������

���������	
�����������	��
������	�������������	�����������	
��	���������	������������
����������
��	
��������	���������
������	
�����	���������	���	���	��������������	����
���������	�������������	�����
������
������	������	���������	����	��������
��	

����� 	�������� ��� 	���������	�� ���������������
��	���������������
���	�����	��
���
�������
����	���������	������������������	������	��������������������	
����
�	��	������
������������	������	�������� 	��	!����"�����#	
����
����
������	
�	
�	
��
�����

$���������	������������������
��%	����	��&��������	���$���	��'�����������(�	��������������
������������ �	��� ��� �	��	��� �	
� ����� �������� 	�� 	�� 	���	��� ��� ����� ��	�� )*� ���� ��	��
&
����	���������������+ �� �%	����	��&��������	���$���	��'�����������(�	��,-.)/�-..-0�����
��������������������������������	
��������	��--*�������	�������������������
���������������
'������ ���� �	���� ������� ��� ���� ) �� �%	����	��&�������� 	���$���	�� '����������� (�	�� ,-../�
122-0�� �	��	��� �	
� �	���� 	�� ��������� ���
�
� �	�
��� ��� 	� ���������� ��� ������
�� 	� ����� ��
����
������	���
�����
��������
�����������	���	��
�������3������������
�
����������������	������
����
���������	����	��
�����������������	���������������
���	������������������	��������������
���������������������������������
��	�����������

����������������������������������	
�����������	��
��	
��	�
��������	
�����������
���
�	���	����
�����
��������������	�����	�������������������������������	��	�������������������

�	���������	!������	�����������������
��
����

��	
������������	���	���&����������	����	����
�������
��	����������	����
�
������

�����4�������	�������	���	��������������	�	���������

��������
���������
����
�����
�	����������������������������	5������
��	�����������
�
�	��	���
���������������������������

%	���	����
������	��������������	������	�	�������������	
���	
����������������	�
���������
���	�
�������	���������	��	���	��������
���	����������������������	
�����������	���������	���	�
��
�����
����������������
����	������	�����	�������
�����
�������	��	������������	
���������
�����	��������	�	�����	������������	����������������
�����
��������	�
�������	���������	��	��
����
���	��	��	����������	�������	����	����
����������	
���
���������
��������	�	�����	����	���
������������(������
���	���������������������������������	������
��	
������	
��������
����
������	�� ��
������
�� 6�
�
� ��� ����������� �	��� �����	
��� 	��� ���� ��	���� ��� ���� �	����
� �	

��������	������	����	�
��������������	��	��������������������
�������������	�����	���	����	����

�	�	����
��	����
����������������	��������������	����������������������	���������



��� ���
��	�������
�	����������������	
���
�	�������������������
	��

� ���� �����	����

'��	��������	�������������
����	������������	��������
��
����	�������	
��������������������
�������	�
�������������������	��������	����������������
�����
�����	����
������	�����������
$�	�����	������
�����
��	�������������	������
��	���
����������������	������	�������
����	���
�������	���������	��
�������������
�����	�����1.����������	�����	�����11*����	���������	���	����

�����	������	��	����	
�	����	�����7.1���
������
�����	������������	���
�	���
���������	����	�

���	����	�	��������/2�����
	����������������������
��$�	
��	��������	��������	���	���	���	��
��
���
�����	��	���������	������	���������������
������
����
�	�����
��	�	��������	�	���������

������� ���� �����	
���� �	���� ���	���� �
����	���� ������� ���� �������� ��������4	���� 
����	��
�����
�	���������	���������������	��������	
�
���������
�������������������	������
���	���������
�	������
�����
��	�
���������������������	�����
�������������	��������	����	������
������
���
�	��	����
������������������������������
��	��	��������������	�����
��	���
��8���������	���
����
1)�/92� ����	��
� ������ 	��� 
����� ��� �	���� 
������ ���� ����
���� �
���%�	����92*� ��� ���� ���	�
��������������	��
�����������������	�����
�����������	������������������
�	
�������
�	�����������
�����	

�
�	�����4	������	��������
���	�����������	����	���	������
��������	���	��	���	�������	��
�	
������	
��������������	�����������������������������
��	����	�	��������������
��	
�������
�
	����������������
������	����	����
��	����������������
�����
�������	�������
����
�����
�

� ���� �
���	���

������
������	������	���������	5����	������
�����
�����������������	
���������	����
�������	�����
:�����	����� �	������� ���������
��� ��� ���� '��	������� ��� (���������6������� ����	�
� ��	�� ���
�	������	��������
����	���	5��������
�
����	
�6�	��(��	�	�"�����	����������	�6�����"������

��������	��������������
�	��	�����	�������������;��	������
���������
������������	�����
	���
4	������	��������
����	�������
��	
��������������	�����������	����
����	
������	������	�������
$	!	�!�	���"������ �������"������	��� 	��	��"������4	������	���������	��������������
�
���
	
�(����"������4	���"������8���"������%	��"������6���"������<���"������<	��=�����"�����
#	���	!����"������(���������"������=�	��%���"������	���(�����	���"������������������
����� ����� �������� ���
���� �����	���� 	��	
�� 6�	
�	�� 
�	� �	���� ��	����� �
� 	�
�� ������ ��� ��
��������	����� 
���� 	
� ��� 6��������� (	��	�	�� 
�������� �	��� ��� (	����� #�	���� ���� ������ ��
(	!�	�	���"�������������������=�������	�$��������%	!����$���	��	�	������������	���	�
=��� ������$���	��	��6��������(��������������	���������������	�����	����������
�	�
�����������
�����������������

4	���������������
������������
���	�����	�
�����������	
������	
�������������	��-2*�������
�����	
��������	�
��	
������	
���������	����������	
��	������	������	�������$������	������	��
��
�� 	��� ��	��� �	������ 	�
�� ����������� ��� �	���� ���������� ��� ������ �	
��� �	���� ��
��	���
�
:�
���������� �	���	�� ������� �	�
��� ��� ������
�	������ 	
� ����� 	
� �	�!� ��� ����������� ��� ���
	�����
��	�������	�	�������	����������������������������������������
�	�����	�����
�������������
	����	�!�����������	������������������
����	��	������
�	���	�
����������������	����
�

� ����	��	�� �� ���� ������ ��������� ��� �� ������

��� ���	�� �	���	��� ��� ���� ������ ������	
����� �	��� ��� �	��	��� �
� 	����� ;�/� �������� �	
�����
�����������+1�+.�*�����������	���	���	��	�,	���-0����
��������
�	��������
�
����	
��	����
����������
�������	���
>�������
�	����	
������	���

�������������������	��	��
���	�	������������
��
�
������	�����	������	���	��
���	����
�����
�����	������������	�����	���������
�������
���������������������������=��	�"����	����	��



���������	
��������������������	������������		��
� ���

������ ����� ����������� 
������
� ���
�����
�� ��	����� ������� ��� ���� ��������
����������
� 	������� ��� ���� 	��	� 	��
����������� 6	���	�� �����
���� �	�����

���� 	
� ����� ������	����� �
���� �����
��������� �	������
� ������ ����� ������ ��
����������
>������	�
�� ��	�������
�����	����� 	��� �����
���� 	���������	�
�����
����
������
��	����������!�������
��������������	�������	���������������
�
:�� ��
����� ��� ������ �	����
� ����
������������
��
�������	������
��������	���������
���
����������������	�����	�����	���	��������	���
���� ��� �����
�� 3�������� ���
� ������������ 
��
�������� �
� 	�� ����
���
	���� ��	�	�����
���� ��	�

�	������
� ����� ������ ������ ���	���� �	���	��� ���������
��4���� ��	�
��	������ ��� 	� �����������

��
�������	��������
����	������������������	������
�����������	����
�	
����
�������
��	���	�����
���!�����������
������������92����/2��	�
���������	�
������������������������������������
�������
	�����

���������������	�	������������	�
��	���������
���
������������������������������?�����
������ �	��� ������
��
������ �	������
� �	��� 	� ������� �����	����� ������� 	���+2� ��� .2� �	�
����

�������
��������������������	�������	�
��	������	��������
�	���������
�

�	�������	���	������
��	�������������

�����������	��	���������	�����
����	����	�
���������
�����	
����5��� ������������
� ��� ����	��������	�� 
�����
��<���� ��	�� .2*� ��� �	��� �	��� ��� ���

���������=��	���
������������	�������:���
����	�	�
��	������������	����
�������	������	���
�����
��������	���������������	�����	������
����������	�������������)+*�����	����
��
������������
����������������	��������	��������
��@����	������	����
��������!��������	�������	���	�����	����
������
��(�
������
�	���	�
��������������������������������������������	������
�	��������������
�

� ���� �����	����

���������������	
�������������
�������������	��
���������������������	��	���	���	���	���	���	��
���	�������	�����-A-22�-A722����������	�
	�	��	�����	������������	�����.2*�����������	�
	���	�� ��������	����� �
� ��������	���� ��� ���� �	���� 
�	
��� ���<	�� ��������?��������&�������
�������
�	������������������������������
�������������
����%	!����"	���	
��	�	���#���
"	���������=���	����	��	���	�����������
��	���	�����������	����������	�������	�����-A-22
�������	����������	��������	��	��������<�!�����������	����������������������<���"����
�	
���	�������6���"������	
�������� 	��	!����"���������
��������������
���	����	���������
<���"������	���
�	��������
���	���������������������<�!�������
���������������������	���������
 	��	!����"������	
�������������
�����
���	���������<���������

��� �������	
� �������	��
��������
���������	���������� '����	!�"	�����������=�	��8	�
%	����	��(	�!�	������
���������(	!�6�����'�
�������������������������� 	��	!����"�
�������
������������<���"���������
���
������������	��
�	���
��11A222�	���
�����	���	�������
���	��
��������������$�����%������
������	���%	!����"	���	
��	��������	������&@���
�������	!���
�������
������������ 	��	!����(������$���	���(��5������������� 	��	!����'	��

� ����	��	�� �� � ����	��� �� ������ ��	�����

����������	���	
��
�	���������������	���������	��
���� 	��	!����"�����	
���
����������	��
�
�� ��� ���
� �	
��� �
� �	���	���� �	
����� �	��� 	��� ����
���!��  ���
���!�� �
����	����� �
� ���� �	��

TABLE 1
Agricultural area (ha) in lower northeast Thailand

Province Total area Farm land %
Nakhonratchasima 2 049 396 1 413 129 68.95
Buriram 1 032 188 673 588 65.26
Ubonratchatani 1 890 610 997 708 52.77
Yasothon 416 166 335 904 80.71
Mukdahan 433 983 128 121 29.52
Surin 812 406 609 692 75.05
Sisaket 883 998 555 225 62.81
  Total 7 518 747 4 713 367 62.69
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TABLE 1
Average monthly flow at Tan Chau and Chau Doc (m3/s)

Month
Location

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Tan Chau 6220 3720 2600 2010 2640 7180 11270 16390 20140 20340 15260 10180
Chau Doc 1360 700 420 330 460 1450 2390 3970 5290 5480 4700 2710
Total 7580 4420 3020 2340 3100 8630 13600 20360 25430 25820 19960 12890
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TABLE 2
Values of SAR and EC in the Mekong river

EC  (dS/m) SAR
Min Max Min Max

Mekong (Taân Chaâu) 1.02 2.10 0.235 0.967
Bassac   (Chau Doc) 1.19 2.88 0.269 0.850
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TABLE 3
Monthly average length of salinity intrusion (1985 –1996) in main rivers   (km)

Limit of 4 g/L Limit of 1 g/L
River

 Feb Mar Apr May  Feb Mar Apr May
 Cua Tieu  23  32  37  32  43  51  59  56
 Ham luong  22  30  34  26  46  51  57  54
 Co Chien  22  31  35  27  44  48  55  51
 Bassac  25  32  33  26  44  54  58  51
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TABLE 4
Changes in land area available for rice
cultivation and the Quan Lo-Phung Hiep
project (ha)

Items existing
(1996)

without
project

with
project

Three crops
Two crops
One crop

0
62 502
51 142

14 000
58 260
40 516

20 000
65 088
23 600
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Date Time Activity

08:00 Registration

08:45 Opening address by Dr. Prem Nath, Assistant Director-General /Regional
Representative for Asia and the Pacific.

Welcome and general information on the workshop by Dr. Klaus Siegert,
FAO, Secretary of the meeting

09:15 Fernando Chanduví, FAO Technical Officer, Water Resources
Development and Management Service (AGLW): Results of the Survey on
Water Quality and Pollution Control in the Region.

09:30 Coffee break

Technical Session I: Water Pollution by Agriculture, Agro-
Industries and Mining

Chair: Dr.  Ioannis Papadopoulus, Cyprus

10:00 Keynote speech "Water Quality Management in Asia and the Pacific" by
Mr. Edwin Ongley, Canada.

10:30 China, "Quality of Irrigation Water in China"  by Mr. Weng Jianhua.

11:00 Laos, "Water Quality Management in LAO PDR" by Ms. Keobang A.
Keola.

11:30 Vietnam, “Water Quality and Agriculture Production in the Mekong
Delta" by Messrs. To Van Truong and Pham Gia Hien.

12:00 Plenary Discussion

12:30 LUNCH

Technical Session I continued…..

Chair:  Mr.Fernando Chanduvi, FAO

14:00 Malaysia, "Water Pollution by Agriculture, Agro-industry and Mining in
Malaysia" by Mr. Tan Choo Yong.

14:30 Pakistan, "Agriculture’s influence on water quality" by Mr. Bashir Ahmad.

15:00 Japan, "The impact of agriculture on water quality and its improvement
methodology in Japan" by Mr. Yoshito Yuyama

15:30 Coffee Break.

16:00 A case matching Decision-Support System to predict agricultural impacts
on water quality by Mr. Edwin Ongley.

16:30 Plenary Discussion

Tuesday

26/10/99

19:00 Welcome Dinner at Siam City Hotel hosted by Dr. Prem Nath
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Technical Session II: Use of Wastewater and highly saline Water for
Irrigation

Chair: Mr. Edwin Ongley, Canada

08:30 Keynote speech, "Use of Wastewater for irrigation with reference to Asia
and the Pacific" by Mr. Ioannis Papadopoulos

09:00 Bangladesh, "Crop Production in the Southern Saline Belt of Bangladesh"
by Mr. Md. Abu Bakar.

09:30 India , "Agriculture and Water Quality in India towards Sustainable
Management" by  Mr. R.P.S. Malik.

10:00 Plenary Discussion

10:30 Coffee break.

11:00 Indonesia, "The Biochemical Effectiveness of Herb Bed Treatment System
with Bulrush, Water Morning Glory and Garden Cormous Herb  in Waste
water Improvement" by Messrs. Soedodo Hardjoamidjoyo and M.S. Saeni.

11:30 Korea, "Status of Agricultural Water Quality in Korea" by Mr. Lee Jong-
Sik.

12:00 Thailand, Agriculture’s Influence on Water Quality in Lower Northeastern
Thailand”  by Ms. Vipada Apinan

12:30 Lunch

Technical Session II continued…..

Chair: Mr. Bashir Ahmad

14:00 Keynote speech, "Organic Sewage Treatments" by Mr. Maurizio Giannotti

14:30 Philippines, "Modelling Non-point Source of surface and ground water
systems in selected agricultural watersheds in the Philippines" by Messrs.
R.S. Clemente and E. Wilson.

15:00 Thailand, "Utilisation of Spent Distillery Wash Liquor in Paddy Fields" by
Mr. Suchint Phanapavudhikul.

15:30 Coffee break

16:00 "Phytodepuration treatment of wastewater from agro-industries to avoid
water pollution" by Maurizio Giannotti.

Wednesday
27/10/99

16:30 Plenary Discussion

08:30 Work in two groups drafting (i) conclusions and (ii) recommendations

10:00 Coffee break.

10:30 Group Work continued

12:30 Lunch

14:00 Video session

16:00 Break

Closing Session: Chair: Dr. Klaus Siegert, FAO

Thursday

28/10/99

16:30 Presentation of Conclusions and Recommendations
Adoption of workshop report
Close of Workshop

Friday

29/10/99

07:00 Field trip
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