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New dimensions to sewage water

use in crop production

C R Neeraja' and M V Patel?

Anand Agricultural University, Anand (Gujarat) 388 110

Water is a vital component for sustmining life on earth, regrettably, it is the most poorly manayed
resource in the world. Freslhwater sources ave fast depleting and as per the projected water
demand, 2050, it will be very difficult to maintain a balance between the fast growing
population and demand for freshwater for various sectors including agriculturve. This paucity of
fieslwater has made the deployment of waste/sewage water as an alternate option for tackling the
problem of water scavcity and demand management.
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EWAGE waste water can be of

different qualities like that of
urban waste-water, treated waste-
water, reclaimed waste- water, faecal
sludge or bio-solids (treated sludge).
Domestic sewage mainly consists of
human body wastes along with
sullage (waste-water generated from
kitchen, cloth washings (grey water)
and flushing from bathrooms and
toilets (black water)). The solid
portion of sewage is referred to as
sludge and the liquid as sewage
water. The estimated sewage
generation in the country is 61,754
million litres/day (MLD) as against
the developed sewage treatment
capacity of 22,963 MLD (nearly
38%). This gap has resulted in the
disposal of about 62% of the waste

water (untreated) to nearby water-
bodies leading to severe issues of
environmental pollution.

Fresh sewage characteristics are: it
will be a grey turbid liquid,
characterized by inoffensive odour;
contains large floating and suspended
solids, smaller suspended solids and
the colloidal fraction components.
The composition of sewage is
indicated in Fig. 1 and objectionable
in appearance and contains extremely
hazardous components including
pathogens and heavy metals.

The strength of sewage is generally
expressed mainly in terms of
Biological Oxygen Demand (BOD;)
and Chemical Oxygen Demand,
(COD) Table 1. BODg refers to the
amount of oxygen required for the
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Fig 1. Composition of sewage
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Table 1. Sewage strength based on
Biological Oxygen Demand and
Chemical Oxygen Demand

Sewage Biological Chemical
strength Oxygen Oxygen
Demand Demand
(magl/litre) (mgllitre)
Weak <200 <400
Medium 350 700
Strong 500 1,000
Very strong >750 >1,500

oxidation of a waste by the bacteria.
Usually expressed on a 5 days, 200 C
basis whereas COD refers to the
amount of chemical required to carry
out the oxidation.

Sewage farming

The use of sewage eftluents for
irrigating the crops and increasing
the fertility of the soil is referred to as
sewage farming where the chief
consideration is the successful
growing of the crops. Use of
municipal wastewater for farming,
whether treated or not, is widespread
in peri-urban areas in India.
Although, there are no
comprehensive estimates of the total
agricultural area using wastewater
irrigation, several isolated studies
indicated that this area 1is
considerable. The Indian Standards
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Table 2. Indian Standards of sewage
effluents for sewage farming

Type of load present Prescribed limit

Total concentration of <= 2100 ppm
solids (inorganic)

% sodium (Na) with <= 60%
respect to total content

of sodium, (Na), calcium

(Ca), magnesium (Mg)

and potassium (K)

Boron (B) <= 2ppm
pH 5.5-9.0
Biological Oxygen <= 500 mg/l
Demand

of sewage effluents for sewage
farming is indicated in Table 2.

The Vietnam, Kuwait, Israel,
Tunisia, Jordan, Morocco and China
use sewage for farming. Vietnam
produces 80% of its vegetables using
wastewater which is also used by
farmers in water scarce regions of
developed countries in North
America and Europe.

In India, Gujarat is one of the
states which showed how sewage
management can benefit agriculture.
The water-scarce state, in which over
90% urban bodies do not have
sewage treatment plants, realized that
using sewage for irrigation solved
many problems. It reduced the use of
groundwater in agriculture, ensured
management of sewage, improved
yield and earned government money.

Drip irrigation is the safest
method for application of sewage
water to fields. Use of appropriate
filters such as gravel, screen and disk
filters in combination with drip
systems  has  observed to
tremendously reduce the clogging
and coliform incidence.

Implications

The implications of using sewage
water in crop production are as
tollows:

(1) Health risks associated with
farmers who are exposed to
untreated sewage is the primary
issue, due to worms, helminths,
taecal and coliform bacteria
present in raw sewage. The impact
on health varies depending on
location and type of contaminant;
however, bacteria and intestinal
worm infestations showed to pose
the greatest risk.

(i1) Long-term irrigation with
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Fig 2. Trickling filters and water cleaning mechanisms

untreated waste water will lead to
the accumulation of heavy metals
in soil resulting in soil
contamination.

(ii1) Sewage water irrigated crops grow
very lushly and are very attractive
to insect pests- intensive use of
insecticides.

(iv) High nutrient loading from
sewage water increases the
incidence of weeds.
Intensive land application of
sewage water showed
accumulation of salts in the soil,
odor problems, salt and color
leaching affecting ground water
and downstream water quality.

(v)

Sewage sickness

The phenomenon of soil getting
clogged due to continuous
application of sewage to a piece of
land is referred to as sewage sickness.
Soil pores may get filled up and
clogged with sewage matters retained
in them which results in the
development of an anaerobic
condition within the soil pores
leading to the evolution of foul gases
like hydrogen sulphide (H,S),
methane (CH,) and carbon dioxide
(CO,) etc. Time taken for clogging
depends on type of soil and load
present in sewage.

Sewage treatment mechanisms
Sewage treatment is the process
of removing contaminants from
wastewater,  primarily  from
housechold sewage. It includes

Table 3. Nutrient contents of different sewage

physical,; chemical, and biological

processes to remove these
contaminants and produce
environmentally  safe treated

wastewater (or treated effluent).
The main steps are preliminary
treatment, primary treatment,
secondary treatment and tertiary/
advanced treatment (Fig.3).

Preliminary treatment: It involves
separation of floating materials and
heavy settleable inorganic solids, oil
and grease from the raw sewage. This
treatment reduces biological oxygen
demand (BOD) of wastes by 15 to
30% the major processes involved are
screening, grit chambers/detritus
tanks and skimming tanks.

Primary treatment: It removes
large suspended organic solids and is
accomplished by sedimentation in
settling basins. Liquid effluents from
primary treatment often contains a
large amount of suspended organic
materials and has a high BOD (60%
of original) and organic solids are
separated out in sedimentation tanks,
stabilized in digestion tanks and
residue is used as soil conditioners.

Secondary/ biological treatment: It
ensures oxidation of effluents from
primary treatment units and is
accomplished using filters
(eg. intermittent sand filters and
trickling filters) aeration tanks,
oxidation ponds etc. The resulting
water has little biological oxygen
demand (5 to 10% of original) and
also contains enough dissolved

oxygen.

Types of sewage

Nutrient concentration (kg)

N P,05 K,0O
Raw sewage 90-157 34-67 45-100
Primary treated sewage 67-135 22-34 45-100
Secondary treated sewage 34-56 18-45 34-90
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Fig 3. Sewage treatment

Table 4. Types of sewage used and the crops suggested

Types of sewage

Suggested crops in order of preference

Raw sewage (preferably diluted)

Primary treated sewage

Secondary treated sewage

Secondary treated and disinfected
sewage

(A) Commercial crops : Cotton, jute,

©)

C)

(©)
(B)

sugarcane, and tobacco

Essential oil bearing crops: Citronella,
and lemon grass

Cereals and other crops with well
protected grains: wheat, paddy, arhar,
and moong

Oilseeds: linseed, til, castor, mustard,
sunflower, and soybean

Fruit crops : Coconut, banana, and
citrus

All the above crops + vegetables exclusively
cooked before eating and are borne away
from soil brinjal, okra, cucurbits, beans etc.

Fruit crops : guava, sapota, and grapes

All the above+ vegetables borne near the soil
but that are cooked before eating

All

types of crops without restriction

Tertiary treatment: It removes the
organic load left after secondary
treatment. It is mainly intended to
kill pathogenic bacteria and is
normally carried out by chlorination.
The nutrient contents of different
sewage are given in Table.3 and the
crops in which irrigation with sewage
water is suggested is mentioned in
Table 4.

Effect on crop yield, quality soil
properties and soil-health

Due to the high nutrient content,
farmers are benefited with high yield
on the sewage water irrigation with
less fertilizer inputs. A significant
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increase in the biochemical
constituents like protein,
carbohydrate and amino acid

contents in the fodder grass irrigated
with sewage water during summer.
Wastewater and preliminary treated
wastewater significantly affected the
soil chemical properties up to 0 to 30
cm soil depth and plant nutrient
contents after one year. Wastewater
application increased yield, macro-
nutrients and micro-nutrients of
cabbage, soil salinity, organic matter,
Na, K, Ca, Mg and D, micro-nutrient
etc. and decreased soil pH. The long-
term impact of irrigation with
sewage effluents on heavy metal

content in soil, crops and
groundwater and found that sewage
water contains higher amount of
P K, S, Zn, Cu, Fe, Mn and Ni when
compared with groundwater. The
high concentration of lead and
chromium in surface soil and above
safe levels in crops which are irrigated
by sewage water. In long-term
sewage water irrigated soil highest
number of bacteria, actinomycetes,
ATP content and enzyme activities
were format than  control.
Accumulation of heavy metals in
different parts of plants such as
wheat, carrot and spinach was also
reported.

Management of limitations with sewage
water irrigation

Use treated sewage water rather
than the raw sewage water to irrigate
food crops such as vegetables, cereals
etc. to control the pathogenic
contamination.  Primary and
secondary treatments followed by
coagulation, sand filtration and
chlorination can be suggested. Heavy
metal (chrominicum) removal from
sewage water can be successfully
done using non-conventional low
cost adsorbents (like begasse, saw
dust, flyash, wheat straw dust,
coconut coir etc) as against powdered
activated charcoal which is costly.
Application of farmyard manure to
sewage irrigated fields’ acts as an
amendment and reduces the heavy
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Fig 4. Bioremediation

metal contamination.

Bioremediation and phyto-remediation
techniques

Use of microbes to clean up
contaminated soil and groundwater is
termed as bioremediation (Fig 4). It
stimulates growth of some microbes

Table 5. Metal hyper-accumulator plant
species (Hooda, 2007)

Plant species Metals
Brassica oleraceae Cd
Ipomea alpina Cu

Hemidesmus indicus Pb
(Indian sarsaparilla)

Helianthus annus Cd, Cr, Ni
Arabidopsis thaliana Zn, Cu, Pb, Mn,
(Thale cress) P

Sedum alfredii Pb, Zn
Corydalis pterygopetala Zn, Cd

that use contaminants as a source of
food and energy.

Phyto-remediation (Fig. 5) is a
low cost, solar energy driven clean-
up technique. It involves direct use
of living green plants for i situ,
removal, degradation, or
containment of contaminants in
soils, sludges, sediments, surface
water and groundwater. It involves
in the phyto-extraction, phyto-
volatilization, phyto-accumulation/
degradation, phyto-stabilization and
rhizo-filtration. Hyper accumulator
plant species are generally employed
for the purpose. It is based on the
concept of using nature to cleanse
nature. Some metal hyper-accumu-
lator species are given in Table 5.

Health risks to farmers can
reduced by adopting protective
measures such as wearing boots and

Fig 5. Phyto-remediation

Fig 6. Plants after Electron beam technology

gloves, and changing irrigation
methods that will reduce farmer
exposure under field conditions.

Electron beam technology

The use of this technology to
disinfect sewage water is gaining
importance. Electron beam treatment
of waste-water was found to be very
effective in reducing the pathogens as
well as the organic load present in the
sewage, thereby increasing the quality
of wastewater by decreasing the
biological oxygen demand and
chemical oxygen demand (Fig. 6).
Electron beam dose of 1.5 kGy is
tound effective for the complete
climination of coli-forms. This
irradiated sewage water can find its
application in agriculture by reducing

the health risks associated to farmers.

SUMMARY

Deployment of sewage water in
agriculture offers an efficient way to
conserve water, recycle the nutrients,
reduce the pollution of surface water
sources and to overcome the pressure
on dwindling fresh water resources.
But, constant monitoring is required
to reduce the risks associated, and
treatment of sewage water prior to
use in crop production is also
important.

1SRF, Central Tuber Crops Research Institute,
Sree-kariyam P.O. Thiruvananthapuram
(Kerala) 695017, *Professor and Head,
Department of Agronomy. Corresponding
aurthors’ e-mail: neenu.cr89@gmail.com
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