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Appendix 2: Problems of operating sewage treatment plants in summer.

Problem Type Characteristics

Increase in the age of sludge

1. Low quality of outflow

Control Solution

1. Increasing the surplus sludge discharge

2. Increase in sludge particle escape

3. Decrease in the efficiency of treatment

Release of H,0 gas and smell in the secondary
sedimentation basin basin

2. Bulking phenomenon

Algae growth at points where wastewater stay

increases

Spread of worms in the aeration clarification basin due
to the aging of the sludge and low dissolved DO
surface

2. Imbalance in TSS levels

1. Sludge flotation on the secondary sedimentation

1. Errors in reading BOD test results

1. Pinkish color of aeration basin bottom

2. Pinkish color of the secondary sedimentation basin

-

. Using coagulants such as lime in the secondary

sedimentation basin

N

. Increasing the surplus sludge discharge

N

. Permanent discharge of wastewater from places

where stay occurs in basins

N

. Controlling the wastewater stay time

=

. Increasing discharged sludge

N

Increasing chlorination in the chlorination pool

w

. Increasing the dissolved oxygen content of the
chlorine basin
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Appendices

Appendix 1: The common problems of using various types of active sludge and suggested controlling solutions.

Problem Type

Sludge Rotting

Bulking of
Scattered
Growth

Sludge

Pinpoint Floc

String Bulking

Physical Foam

Chemical Foam

Biological Foam

Visible Characteristics

1

2. Increases the amount of suspended solids

3

4

5. High amounts and concentration of sludge

1

En

—

w N

-

w N

N

w N~

. Creates an unpleasant smell in the
secondary sedimentation basin

in the wastewater

. Creates an unpleasant view on the
secondary sedimentation basin

. Very dark sludge color

. Unclear outflow

. Lack of complete sedimentation

. Poor sedimentation

. Sludge escape from the secondary sedimentation
basin

. Jelly mode of aeration basin

Massive sludge

. Formation of pumice-like clots that create
roughness in the clarification basin

. Pour a sample of the aeration basin into a
graduated cylinder and after 5 minutes a
large amount of sludge will be settled

. System outflow is unclear

. The overflow from the secondary clarification unit
is very bright

SVl'is above maximum

Poor sedimentation of sludge in the graduated

cylinder

. When the aerators are turned off, the foam is
accumulated in one corner
Failure in the increase of TSS

. A similar color to sludge

. Large amounts of foam in the system at the time
of peak consumption and sewage production

. Yellowish white foam

. Presence of Nocardia bacteria in the system
Brown foam color

Foam with extremely unpleasant odor

Cause

1. Low amount of sludge and long stay of sludge

in the clarification basin
2. The collapse of the rolling bridge of the
clarification basin

3. Clogging in the sludge drainage of transfer pipe

1. Microorganisms not being able to form clots

2. High system BOD

3. High level of bacteria

4. Limitation of oxygen in the system

5. Presence of heavy metals in the system

1. Excessive sugar or high levels of glucose
in the system that causes the extracellular

secretion of bacteria

1. Very small number of string bacteria
2. Puting the SVI in the minimum (usually less
than 50)

1. Very low flocculant bacteria and very high
string bacteria
2. Low DO

1. Aerators are working on the surface.

1. The leakage of much detergents into the

treatment section

1. Rise in sewage temperature
2. Fat and oil leakage into the system
3. Aged sludge

Control Solution

1

1
2
3

w N

N

N

o s W

=

w N o=

N =

3

. Discharging dead or rotting sludge
from the system by sludge
drainage

. Decreasing BOD inflow

. Boosting of oxygen

. Avoiding heavy metals from
entering the system

. Using beet molasses in the
aeration basin

. Reducing discharged sludge

Increasing returned sludge

. Using calcium hypochlorite in the
course of returned sludge

. Using coagulants such as lime in

the aeration basin

Reducing returned sludge

Increasing the discharged sludge

. F/M reduction

. Creating intermittence in aeration

. Using anti-foams
Dispersing water
Reducing aeration when the

sewage discharge is low

. Recycling sewage grease and fat
Removal of floating materials in
the initial sedimentation

. Using chlorine spray
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1-13 Sample from the tests undertaken

The following test samples include the light treatment section inflow
(first sample), and the liquid manure treatment section outflow (second
sample). (Table No. 18 & 19).

And in the next analysis, the output from the heavy treatment section
(milking) has been evaluated (Table No. 20 & 21).

Table No. 18: Salehi and Saffari Animal
Husbandry Experiments:

Specifications BOD Mg/L COD Mg/L
Testing Method Incubator Reflux
Sample No. 1 382 632
Sample No. 2 36 72
Table No. 19: Salehi and Saffari Animal
Husbandry Experiments:
Row Test Description Measurement Test Result
1 COD Mg/L 48
2 BOD Mg/L 30
3 TDS Mg/L 1,220
4 pH 7.59
Total Suspended
5 . Mg/L 20
Solids (TSS)
Dissolved Oxygen
6 o Mg/L 36
(DO)

Table No. 20: Salehi and Saffari Animal
Husbandry Experiments:

Specifications COD (Mg/L)
Testing Method Reflux
Heavy Treatment Section Inflow 24,000

Table No. 21: Salehi and Saffari Animal
Husbandry Experiments:

Row Test Name Rl:jllts Measurement P%r;r:]i;t: d Rﬁ:{ﬁgge

1 pH 7.94 = 6.5-85 SLM.4,500H
BOD

2 according 92 Mg/L 100 SLM.5,210
00,
COD

8 according 192 Mg/L 200 SLM.5,220
00,

Table No. 22: Salehi and Saffari Animal

Husbandry Experiments:

Row Test Name ngjltts Measurement P?{;?]Zté"d Rﬁee{ﬁgge
1 pH 7.63 — 6.5-85 SLM.4,500H
BOD
2 according 925 Mg/L 100 SLM.5,210
00,
COD
3 according 175 Mg/L 200 SLM.5,220
00,
Results

The management measures taken in Salehi and Saffari agriculture and
dairy farm resulted in the fact that the wastewater and manure which
were considered as threats to other animal husbandry units had become
opportunities. Because the treatment and recycling of wastewater
produced an annual amount of 50,000 cubic meters of water and the
treatment of water from the surplus liquid manure returned about 44,250
cubic meters of water to the production cycle. In addition, the application
of liquid manure in agricultural fields also resulted in the increase of soil
organic matter and the removal of chemical fertilizers such as phosphorus,
potassium, zinc, manganese and other micronutrients. The only forms

of chemical substance provided to the plants were nitrogen fertilizers.
Because in the process of using liquid manure, most of its nitrogen is
released. Also, the amount of nitrogen required for the plant is more than
the nitrogen present in manure. The measures taken in conjunction with
scientific and climatic discussions led to a three-time cultivation of forage
(barley-corn-corn). Using 4,100 cubic meters of water per hectare, we
managed to reach an 85-ton silage of dry matter of 28-30 percent. This is
while last year we had only managed to reach a 70-ton silage, using 4,800
cubic meters of water per hectare. Also, through management measures
and application of liquid manure on our alfalfa fields, we succeeded to have
a 1,200-gr silage of dry matter per cubic meter of water, after each harvest.
Meanwhile, in the previous year, we had reached 850 grams of dry matter
per cubic meter of the water consumed. The success of this project has
been based on the common objective of the two fields of agriculture and
animal husbandry to achieve sustainable production by preserving water,
soil, and the environment.

Suggestions

1) The location of animal husbandry units in the vicinity of agricultural farms.

2) It is recommended that special attention is paid to the
management of manure and wastewater before the establishment
of animal husbandry units.

3) It is recommended that the environmental and health regulations
regarding the use of liquid manure are reviewed within specified
intervals.

4) Providing an educational program on the utilization of manure and
wastewater from dairy farms and animal husbandries.

5) Using machineries and techniques of applying liquid manure on
agricultural fields.



16-B Coagulation and flocculation

At the end of the aerobic process, its output enters the coagulation and
flocculation stage. In flocculation and coagulation, a chemical substance
is exposed to colloidal solids (that cannot settle) and suspended

solids with a low sedimentation rate so that clots with extremely low
sedimentation rates are formed. The main coagulants used for water
treatment include aluminum and iron salts, although polyelectrolytes are
also used in some situations. For sewage treatment, aluminum and iron
salts as well as polyelectrolytes are used.

One of the problems in coagulation and flocculation is the presence of
colloidal particles, which can be obviated using coagulants. If the natural
alkalinity is not appropriate for sewage production, increasing alkaline
levels is necessary to help coagulants. Lime is usually injected into the
above solution in the form of hydrated lime. Due to its higher price as
compared to hydrated lime, Sodium Bicarbonate is used less often.
Polyelectrolytes are also used for optimal coagulation.

17-B Sedimentation

Sedimentation is a unit of operation, in which gravity is used for
separating suspended solids. The sedimentation process is usually used
in water treatment, conventional treatment, as well as advanced sewage
treatment.

18-B Sedimentation in sewage treatment is
applied in the following processes:

« Sedimentation of the coagulated clots in water prior to the sand filter.

« Removal of dirt and sand.

« Removal of suspended solids in the initial clarifications.

« Removal of biological clots in secondary clarification units of the active
sludge process.

« In advanced sewage treatment, the main purpose of sedimentation is to
remove the chemically coagulated clots before filtration.

19-B Filtration

Filtration is defined as the solid-liquid separation, in which the fluid
passes through a porous medium or material in order to separate its
suspended solids as much as possible. In order to achieve a higher
quality water, this process is used in water treatment to filter the waters
in which chemical clotting has occurred and clots have been settled.

13. Sewage Outlet Standards

These standards are drafted according to Article No. 5 of the Water
Pollution Prevention guideline, as well as the same guideline’s Article
No. 3, in cooperation with Ministries of Health, Medical Education,
Power, Industries, Heavy Industries, Mines, Metals, and Agriculture, by
Iran’s Department of Environment.

Methods for measuring the contaminating parameters will be based on
the methods mentioned in the Standard Methods for the Examination of
Water and Wastewater book (Table No. 17).

Table No. 17: Sewage Outlet Standards.

Contaminants
Nitrite (NO,)
Nitrate (NO,)

Phosphate / Phosphorus
Sulfide SH,
Sulfite -SO,
Sulfate -SO,

Oil fat

ABS Detergent

BOD5

COD

Dissolved Oxygen (minimum) DO

Total Dissolved Solids (TDS)

Total Suspended Solids (TSS)
Sedimentable Solids (SS)
pH
Radioactive material
Water Transparency (Opacity Unit)

Color (Color Unit)

Temperature (T)

Enteric Coliform (Quantity in 100

milliliter)

The entirety of Coliforms (Quantity in
100 milliliter) MPN

EC

Surface Water Discharge (I//mg)

400 (Appendix I)

10

5.1

30 (Momentary 50)

60 (Momentary 100)

-1,500 (Appendix 1)

40 (Momentary 60)

5.8-5.6

50

75

Appendix [V

400

1,000

1,800
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8-B Presence of Minerals
Occasionally, due to the presence of minerals such as sulfide, sulfate,
sulfur, nitrite, nitrate and ammonium, the biological efficiency may

decrease and undesirable effects may occur.

9-B Amount of dissolved oxygen (DO)

To ensure that there is enough oxygen in the system, it is necessary
to keep the oxygen content in the aeration basin between 1-2 mg/I.
Obviously, factors such as hot and cold weather as well as the time
of operation commencement, also affect the amount of oxygen
input. The temperature has a reverse relationship with the oxygen
dissolution.

10-B Temperature

The optimum temperature for sewage treatment systems is
between 27°C and 33°C. At this temperature, bacteria have the
highest activity efficiency. At higher temperatures, bacteria are
more active and less active at lower temperatures. Temperature
plays an important role in the formation of active sludge. In cold
regions, where the temperature is below 12 degrees Celsius in a
number of seasons, more than a month is needed for the formation
of sludge. It should be noted that in the early stages of the
biological system, the duration of sludge formation is estimated to
be about 6-8 weeks.

11-B Hydraulic stay time

The time of a hydraulic stay is the period of time during which the
sludge remains in the aeration basin. The time of microbial stay is
the period during which microorganisms enter the sedimentation
unit from the aeration unit and then re-enter the aeration basin in
the form of returned sludge.

12-B F/M Ratio (Food/Microorganism)

The ratio of food to microorganisms indicates the amount of nutrients
entering the active sludge process and the amount of microorganisms
(bacteria) present in the aeration basin. The F/M ratio may fluctuate
throughout the year, depending on changes in operating conditions such as
industrial drains, discharge regulations or seasonal sewage temperatures.
The F/M ratio range may vary according to different seasons; for example,
the F/M ratio is high in summer and is lower during winter.

The amount of food (F) that enters the active sludge process is the
same as the amount of BOD (in mg/l) introduced into the aeration

basins and the amount of microorganisms (M) present in the active
sludge process, is the same as the mixed liquor volatile suspended
solids (MLVSS) present in the aeration basins through the process.

13-B Formation of Foam:
The production of foam is a common problem causing complications in
many sewage treatment plants around the world:
The types of foam and surface found in active sludge include:
« Unbroken surface active organic compounds.
« Detergents.
« Surfaces caused by rising sludge due to denitrification in clearing.
« The brown surface caused by the wide growth of actinomycetes
(Image No. 34).

14-B Problems caused due to the formation of
foam
« Slippery corridors.
« Leakage of foam into the active sludge wastewater and increase of
BOD as well as suspended solids.
« Problems in anaerobic digestion systems.
« Annoying odors, especially in warm areas.
« Possibility of infections in sewage workers due to the existence of
pathogenic actinomycetes such as Nocardia and similar factors.

15-B Foam control:
« Chlorination of foam and active sludge.
« Increasing sludge discharge.
« Using biological selector.
« Decreasing aeration.
« Decreasing the pH level.
« Adding digestive surface liquid to the anaerobic basin.
« Spraying water.
« Using anti-foam agents and iron salts.
« Preventing the accumulation of foam in areas with low turbulence.
« Using counter organisms.

Image No. 34: Production of foam by bacteria in biological treatment plants.



6-B Effective Parameters in Active Sludge
Process

These parameters include pH, minerals, organic matter,
temperature, dissolved oxygen (DO), color, nutrient concentration,
sludge volume (SVI), F/M ratio (foam production), age of sludge,
MLSS and MLVSS, as well as the daily microscopic observation of
the sludge sample.

7-B pH

The range of pH changes in biological sewage treatment systems should
be kept within 6.7-7.4. Bacteria can survive in pH range of 5-10, but if
the pH is reduced, the population of other microorganisms will overcome
the number of bacteria and treatment will not be desirable. When the

pH level is high, the bacteria cannot access nutritious elements and the
treatment will not be performed desirably. The optimum pH range for

bacterial activity is between 7 and 7.2.

Image No. 31: Aeration basins.

Image No. 32: Aeration basins at Salehi and Saffari (Chaltasian)

dairy farm.

Image No. 33: The blower and diffuser samples used in Salehi and Saffari (Chaltasian) dairy farm.
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2-B Flow Modifier

A flow modifier is used in order to achieve a fairly constant flow rate
in sewage treatment plants, both for urban and industrial sewages.
Using a flow modifier, after preliminary treatment (screening and
etc.) provides a fairly constant flow rate for the following treatment
operations and processes, therefore increasing the efficiency of
treatment. Not only does a modifier adjust the fluctuations in the
daily flow, but also changes in the concentration of BOD5, suspended
solids and the like.

In the existing treatment plants, using a flow modifier has increased
the amount of suspended solids removal in the initial sedimentation
units. The biological treatment efficiency also improves significantly
with the use of a modifier, because the sudden loadings reach the

lowest level and the flow rate is also stable, which in turn is beneficial

for biological units and ultimate clarifiers (Image No. 29).

3-B flow modifier at treatment plants

1. Proper balance in organic matter fluctuations, in order to prevent
shocks to the biological system.

2. Reducing the inflow shock to physical and chemical treatment
systems as much as possible.

3. Proper feed of the biological systems, when the treatment plant has
no input.

4. Creating the required facilities for the uncontrolled drainage of
sewage into the system for the distribution of more balanced
loadings.

5. Preventing the influx of high chemical concentrations into the
biological process.

4-B Anaerobic digestion

Anaerobic digestion, the most commonly used sludge treatment
method, can be defined as the biological decomposition of
biodegradable organic sludge with the involvement of microbes
in anaerobic conditions. Microbes involved in anaerobic digestion
grow well in an environment free of oxygen and rich in organic
matter. These microbes feed on the organic matter. As a result
of this process, solids are digested and converted into soluble
material. The final products of this section are mineral salts,
methane gas and carbon dioxide (Image No. 30).

5-B Aerobic process

The anaerobic process output goes into the aerobic section. In the
aerobic process, biological agents, which are mainly heterophilic,
decompose organic matter in a biochemical reaction. In this reaction,
microorganisms oxidize organic matter and produce gas, water and
energy as the final product. Bacteria also consume the energy from
the process with nutrients such as phosphorus and nitrogen for
synthesis and reproduction (Images No. 31 & 32).

Organic Matter + 02=C5H702N (New Bacterium Cell)

As the amount of nutritious elements in the environment drops,
being an organic matter, the bacterial cell is decomposed and
destroyed.

In their self-destructive mode, microbes require little energy, because
the level of their reproduction and movement is very low. In this
mechanism, oxygen acts as an electron receptor (Image No. 33).

Protoplasm + O, = CO,+H,0

Due to the role that oxygen plays in the aerobic process, it
must be provided for the respiration of microorganisms. For this
purpose, equipment such as blowers, diffusers and similar devices

are utilized.

Image No. 29: The flow modifier at Salehi and Saffari
(Chaltasian) dairy farm.

Image No. 30: Anaerobic basins at Salehi and Saffari (Chaltasian) dairy farm.



3-11 Methods of Using Liquid Manure on Farms
Considering the studies conducted on international cases and
experiences, as well as the results from Salehi and Saffari
(Chaltasian) dairy and agricultural farms, applying liquid manure is
done prior to plantation in the form of 150 square meters mixed
with the soil, and 50 square meters in the form of spraying on
plants (before). 25 square meters of liquid manure is also applied

to alfalfa, after each harvest. It is worth mentioning that in order to
achieve better results, scientific experiments in the form of statistical
programs are currently being conducted in collaboration with Tehran
Agricultural and Natural Resources Research Center on the three
plants of forage corn, alfalfa and wheat. These programs have been
compiled in the form of an MOU (Image No. 25).

12. Water Treatment and Recycling
After collecting and separating dairy farm manure and wastewater,
followed by planning for its storage and application to the farm, we
will then move on to treating the surplus of these liquids with the
aim of meeting environmental requirements and compensating for
water shortage issues.

A) Treatment and Recycling of Soft Wastewater
As it has been mentioned in previous sections, about 30 percent of
dairy farms’ manure and wastewater is made up of soft wastewater,
the physical and chemical characteristics of which have been described

before. Considering the nature of these wastewaters, containing low
amounts of BOD and COD, they can easily be treated using common
methods (Image No. 27).

B) Treatment and Recycling of Liquid Manure
Surplus

In liquid manure management, considering the characteristics of this
product, the time-consuming and expensive process of treatment and
recycling on the one hand, and the high amount of nutritional and organic
elements present in the manure on the other, it can be successfully used
in agriculture. With regards to these points, using manure in agriculture
can reduce and/or eliminate the application of chemical fertilizers, enhance
the soil's organic matter and sustainability of production on farms. In case
liquid manure is not used in agriculture, instead of releasing it in nature, it is

suggested that it is transferred to recycling and treatment sections.

1-B Storage and Preservation

In order to store liquid manure, it is required that the storage structure is
designed in a way that there would be no chance of water penetration into
the ground. In the storage process, depending on the depth of storage tanks
or lagoons, an anaerobic reaction may occur. The onset of an anaerobic
reaction facilitates the proceeding stages of the treatment process, which
will be discussed later on. One of the other advantages of storage is that
the agriculture section will be able to apply liquid manure to the farm through
withdrawal from lagoons in times of emergency, without interruption (Image No.
28).

Image No. 28: Stages of constructing liquid manure storage facilities.
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Image NO. 22: Methods of applying liquid manure on farms Image No. 23: Methods of applying liquid manure on farms

(distribution of manure using rain gun sprinkler system). (distribution of manure using rain gun sprinkler system).

TR . UL S o R A e
Image No. 24: Methods of applying liquid manure on farms Image No. 25: Methods of applying liquid manure on farms

(distribution of liquid manure in forage plants such as alfalfa). (distribution along with mixing the soil).
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Image No. 25: Spraying liquid manure at Chaltasian complex.
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to Ground

Image No. 17: Methods of using liquid manure on farms.

Image No. 20: Methods of applying liquid manure on farms (Injection of
liquid manure at a depth of 10-15 cm of soil).

Image No. 18: Method of applying liquid manure on Salehi

and Saffari (Chaltasian) farm.

Image No. 21: Methods of applying liquid manure to farms.
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should be noticed that the selected samples are of equal volume for the
preparation of compound samples, so that the ratios do not change after

Table No. 13: The macro elements in liquid manure based on the amount of dry matter.

The available nutrients in liquid manure

Dry matter 4-11
0.84'-1.22-1.443 0.72 204
percent
Dry matter less
048'-0.722-0.84° 0.36 1.32

than 4 percent

1. Surface Spraying and Mixing at intervals longer than 3 days.
2. Mixing with soil between 1 hour to 3 days after spraying.
3. Mixing the sprayed manure with soil in less than an hour.

Table No. 14: Guideline to the volume of manure used based on soil test.

Kilograms of P,0, (Phosphorus) for spraying on farm

22.4-33.6 9529  84.08 5045 2803 O

33.61-44.8 11771 5106 8772 3924 0

Com 44.81-56 13452 12331 8968 4484 0
Silage 56.01-67.2 156.94 14573 1121 5605 0
67.21-78.4 1736 16255 12892 67.26 0

78.41-89.6 196.18 184.97 15134 7847 0

4.455.64 4778 6726 3363 1682 0

5.656.9 89.68 7847 4484 2242 O

6.91-8.15 9529  84.08 5045 2803 0

8.16-9.41 10650 9529 61.66 3363 0

Com 9.42-10.66 1121 100.89 97.26 3363 0
kemel 10.67-11.91 12331 1121 7647 3924 0
11.921317 12892 117.71 8408 4484 0
13181442 14013 12892 9529 5045 0
14431568 14573 13452 100.89 5045 0
15.69-16.93 15694 14573 1121 560 0

Source: UWEX A2809, 2013

mixing the samples. Implement the sampling at the time of filling the
tankers for being transferred to farms, or from specific spots in the liquid
manure storage tanker.
In the next stage, the type of crop planned to be grown, along with the
expected volume of the harvest should be specified.
After the specification of the crop type and liquid manure analysis, the
crop’s Phosphorus need should be calculated so that the required volume
of liquid manure per hectare is estimated. Due to the fact that
Phosphorus is among the inactive elements, and its accumulation can
cause soil poisoning, the amount of liquid manure consumption per
hectare is estimated based on the crop’s need to this element (Tables
No. 13-14).
When liquid manure can’t be used:

« During frosts.

« During rainfalls.

« During peaks of soil humidity.

« In areas where there is a risk of surface water pollution (on

riverbanks, along waterways and similar places).
« In areas where a leakage of liquid fertilizer into underground water is

possible.

Filling the Manure
Sprayer Storage
Tank

Carrying the
Tanker to the Farm

7

Spreading Manure
on Even Ground

!

Mixing Manure
with Soil

Mixing Manure with Soil while
Injecting to Ground

Image No. 15: Methods of using liquid manure on farms.

Getting Manure to
Irrigation

y

Getting Manure to
Irrigation

y

Spreading Manure on
Even Land

4

Mixing Manure with Soil

Image No. 16: Methods of using liquid manure on farms.



Table No. 10: Nutritious elements in different types of manure.

in Tons of Weig

Total

Elements

Nitrogen

<
s g
g 3
[ Q
= ]
D =
1% c
& 3

Cow Manure

75 2.4 0.7 2.1 14 0.8 0.3 1,800 165 165 30 20 -
(Milking Cow)
Cow Manure

) 80 1.9 0.7 2 1.3 0.7 0.5 5,000 40 8 2 14 1

(Fattening)
Source: The nature and properties of soils. Brady, N. C.
Table No. 11: The effect of organic matter on soil’'s moisture retention capacity. Table No. 12: Soil Sampling Guide.

Number of Required Samples for Sensitive and Non-sensitive Lands

Cultivation Aggregate
Duration Stability
Year MWD’ (mm)
i Suggested Number of
Soil Characteristics fand Size = =
(ha) Samples
0.7 25 6
47 1.6 0.61 3 9
32 26 0.76 38 15 24 2
4-10 3
27 3.1 1.38 47 25
10-15 4
15 4.2 1.52 44 23 Non-sensitive Lands
15-25 5
27 3.1 1.38 47 25 95.35 6
15 4.2 1.52 44 23 35-45 7
The nature and properties of soils. Brady, N. C. 1. Very High
1. Mean Weight Diameter Source 2. Extremely High
Sample 1 Sample 2 Sample 3
Z T | A
| 3 [
o | ]
A 1 00N
(7 = i} g U
Shovel Trowel Screw  Cylindric  Soil Probe
Drill Drill Drill
Image No. 13: Movement pattern on the farm for soil sampling. Image No. 14: Sampling tools and methods.

45



44

2. Separating Surface Water
Due to the fact that a large portion of surface waters is from
precipitation, which is a very high-quality source of water, it is better to
think of methods through which it is not mixed with other resources
of wastewater or manure production.

3. Treatment of dairy farms' soft sewage, and reusing the treated water
for washing purposes and irrigation of farmlands.

4. Using solid and liquid manure for sale or application to agricultural lands.

Spraying has been Carried out but
Absorption has not Taken Place

Image No. 12: An example of liquid manure improper application.

10. Processing Manure and Reuse
in Farms

1-10 The objectives of using the liquid phase of

manure in farms

1) Providing plants with their vital needs

2) Increasing the soil’s organic matter and production sustainability

3) Decreasing production costs through a reduced use of chemical
fertilizers

4) Decreasing water consumption through increasing the soil’s organic
matter (Table No. 10).

2-10 The Effect of Liquid Manure on the Increase
of Soil’s Organic Matter

Observing the better growth of plants in soils rich in organic matter has
made people think since a very long time ago that plants absorb most
of their nutritious elements from the soil’s humus layer. Soil's organic
matter is a complex and changing compound of organic substances.
The organic matter of soil both increases the permeability and water
retention capacity of soil.

Manure is one of the resources of organic matter, the use of which in
agricultural farms helps increase the organic content of the soil.

The major part of the cation exchange and water retention capacity in
surface soils is achieved through organic matter. The specific elements
present in organic substances play a significant role in the formation and
stability of soil aggregates. Soil’s organic matter contains high amounts
of nutritious elements for plants which act like a storage bank from which
nutrients, especially Nitrogen, are gradually released in the soil. The
increase in the quality and quantity of soil’s organic matter are regarded as

the principle factors in the correction of the soil’s quality. (Table No. 11).
As it can be seen from Table No. 11, with an increase in the amount of
organic matter, soil's permeability as well as its water retention capacity
will improve. Now, considering the shortage of organic matter in most
soils of the country, using organic fertilizers, especially liquid manure
seems indispensable.

3-10 The Effect of Liquid Manure on Soil
Chemical Characteristics

Containing ample amounts of organic matter and humus, help retain
nutritious cations of the soil (Potassium, Calcium, Magnesium and
similar elements) in highly exchangeable forms which can be easily
used by plants. Due to the overuse of chemical fertilizers in Iran’s
farms, lumps are formed in soils which result in an increase in the costs
of preparing lands for new cultivations. Using manure is one of the
methods through which such conditions can be avoided.

11. Methods of Applying Liquid Ma-
nure to Agricultural Lands

The first step is to sample and test soil by means of standard
methodologies. After obtaining the results from soil tests, the liquid
manure should be tested and analyzed itself. It is necessary to observe
safety considerations while taking samples from liquid manure.

The answers provided to questions which are often asked regarding this
matter, can be used in policies and procedures.

Where do we want to use liquid manure?

The first step is choosing a land where the manure needs to be applied.
How many samples should be taken from the soil? (Table No. 12).
For each compound sample, at least 10 parts of the land should be
probed as follows (Image No. 13)

The following points should be observed while taking samples from the soil:
« Take at least 10 repetitions for each combined sample.

« Use drill or probc.

« Take the sample from a depth of at least 15 to 30 centimeters.

« Take samples from the same depths.

« The sample should typify the whole piece of land.

« It is better to do the sampling before cultivation (Image No. 14)

1-11 Soil Test Major Indices

The samples taken should be sent to laboratories for pH, EC, organic
content as well as Nitrogen, Phosphorus and Potassium content.

If necessary the micronutrients will also be studied.

2-11 Sampling Liquid Manure

Considering the fact that soil elements can differ due to seasonal
changes and maintenance conditions, it is recommended that samples
are taken from liquid manure and sent for analysis on a seasonal basis.
Sampling liquid manure should be done from at least five spots. The
number of samples can increase in order to reduce the rate of errors. It



Table No. 9: The amount of nutritious matter in solid manure.

Available Nutritious Elements o
Total Nutritious Contents

(In the year of injection)

Manure Type

Average Usable
K,0
DM N1

Total
K
N

Average 259 2.0 1.8 6.6 11.3 3.7 0.72 1,605 0.15 020  0.61
Dairy Cattle %+30 41.0 1.9 1.9 7.1 11.8 4.2 0.82 1,075 0.11  0.21 0.66
18-30 21.2 2.0 1.8 6.5 11.3 3.7 0.69 1617 016 020 0.60
Average 314 25 3.0 7.1 14.1 5.70 0.92 1,778 0.18 033 0.66
40-60 456 35 5.0 9.4 20.2 9.10 1.34 2,545 025 054 087
Beef Cattle
30-40 345 2.8 34 8.0 15.8 6.40 1.03 2,022 020 037 074
18-30 241 1.9 2.0 5.9 10.8 4.00 0.70 1,358 0.14 022 055

Brown, C. 2013
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1-9 A Study of the Liquid and solid Phases of 2-9 Manure and Wastewater Management at
Manure Dairy Farms
1. Decreasing wastewater production

Manure (solid or liquid) contains nutritious matters which can be used in Considering the fact that the production of any type of wastewater
agricultural farms and orchards (Table No. 7). will result in the increase of costs at storage, treatment, and recycling
sections, the production sources of these resources should first be
The characteristics of the nutritious matter present in manure varies identified, and then managed/decreased. Based on what has been
depending on the type and size of livestock, the amount of the milk discussed so far, Salehi and Saffari (Chaltasian) dairy farm has managed
they produce as well as their feed combination. In Tables 8 and 9 the to dry-wipe the cows, optimize the size of their troughs, and correct the
characteristics of nutritious factors in both liquid and solid phases timing and quantity of water consumption in livestock cooling processes
are given. and similar activities.

Table No. 7: The amount of nutritious matter defecated in feces based on the milk produced.

Kilograms of a cow's milk during one lactation period 4,789 7,982 11,174 14,367 17,560 20,752
Daily produced milk per cow 15 25 35 45 55 65
Kilograms of Nitrogen defecated by a cow per day 0.34 0.39 0.43 0.47 0.51 0.56
Kilograms of Nitrogen defecated per milk unit 0.023 0.016 0.012 0.011 0.009 0.009
Grams of Phosphorus defecated by a cow per day 41 46 51 56 61 66

Shaver, Midwest Manure Summit, 2017

Table No. 8: The amount of nutritious matter in liquid manure.

Available Nutritious Elements -
Total Nutritious Contents

(In the year of injection)

Manure Type

Total

Nitrogen

Average
. Usable
Solid _ P,0, K,O
Nitrogen
Matter

8.6 1.7 0.8 2.7

Average 5.80 1.60 0.39 1,601 0.16
10-18 14.1 2.0 1.3 3.4 7.60 2.50 0.53 1,776 0.18 0.14 0.31
8-10 8.9 1.9 0.8 2.9 6.40 1.60 0.42 1,935  0.19 0.09 0.27
Dairy Cattle

6-8 7.1 1.7 0.6 2.6 5.50 1.30 0.36 1,691 0.17 0.07 0.24
2-6 4.4 1.2 0.4 2.1 4.00 0.80 0.25 1,197 012 0.04 0.19
0-2 1.1 0.6 0.2 1.2 2.10 0.40 0.12 576 0.06 0.02 0.11
Average 8.6 1.6 0.7 25 5.40 1.50 0.37 1,543  0.15 0.08 0.23
10-18 14.4 2.0 1.2 3.6 7.60 2.40 0.51 1,772 0.18 0.13 0.33
Beef Cattle 6-10 7.6 2.0 0.8 2.4 6.00 1.60 0.43 2,067 0.21 0.09 0.22
2-6 3.9 1.1 0.5 1.6 3.60 0.90 0.24 1,174 012 0.05 0.15
0-2 1.1 0.4 0.2 1.0 1.70 0.30 0.08 451 0.05 0.02 0.09

Anaerobic 2.0 0.4 0.6 0 1.30 1.00 0.12 109 0.01 0.06 0

Liquid Manure
Aerobic 4.4 1.2 1.3 0 3.30 2.20 0.28 776 0.08 0.14 0

Brown, C. 2013



Chart No. 1: The humidity of the solid manure from the Chart No. 2: The amount of Phosphorus in the liquid and

separator according to the separator type. solid phases based on the separator type.
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Chart No. 3: The amount of Nitrogen in the liquid and solid
phases based on the separator type.
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In this method, high-pressure water is pumped in the intended paths and
corridors, washing its way through. In order to implement this method
the flooring should have a gradient of at least 2 percent. This gradient
can cause problems (Image No. 9).

9. Separating Solids (Separator)

In order to separate the solid manure, a machine is used, called the
separator. Separator is a tool which separates. With an increase in
the number of livestock at dairy farms, one of the major issues is
the total volume of manure produced. In large dairy farms, manure
management is considered as crucial. One of the best ways for
separating the two solid and liquid phases of manure is using a

separator (Image No. 10).

\ TRTRB Y1

Image No. 9: Flushing System.

Screw Press separator consists of an ugar, which guides the manure
inflow through the body of the machine. The manure (urine and feces)
collected from the livestock stalls is homogenized using a mixer in
lagoons, and pumped to separators afterwards. In the separator a
considerable portion of the solid matter is separated from the liquid
and the solid phase is transmitted to the depot section for sale or
composting. The liquid phase is also pumped to storage lagoons for
later use (injection to ground or treatment), (Image No. 11).

Considering Chart No. 1-3, the humidity percentage and nutritious
matter amount differs based on the separator type.
At this dairy farm unit a screw press separator is utilized.

Saparatod

Image No. 10: A schema of manure production, collection

and separation.

Image No. 11: Screw Press Separator.



Table No. 6: Calculating the amount of manure produced based on the milk yield.

Kilograms of a cow’s milk during one lactation period 4,789 7,982 11,174 14,367 17560 20752
Daily produced milk per cow 15 25 35 45 55 65
Kilograms of dry food consumed by a cow per day 19 22 24 27 30 33
Food yield 0.80 1.156 1.42 1.64 1.82 1.96
Kilograms of manure produced by a cow per day 53 59 66 72 78 85
produced manure/produced milk (kg) 3.5 2.4 1.9 1.6 1.4 1.3

Shaver, Midwest Manure Summit, 2017

4-8 Automatic Scraper 5-8 Honey Vac

The major advantage of this method is that it is possible to collect In this system, the manure is collected from corridors using the vehicle
manure in the presence of livestock. In this system, manure can be as per Image No. 8. This is done using vacuum systems inside the
collected in desired amounts without inflicting any stress on livestock. machine, where the manure is then stored. The speed of this method
Itis also feasible in terms of hygiene and decrease of work force. Using is lower in comparison with the scraper, and at stalls where the ratio
this system, the quality of the equipment used should be taken into of milking cows does not correspond with the stall’s capacity, it is not
account, for a low quality of these facilities will increase costs (Image applicable (Image No. 8).

No. 6-7).

M1 3 o

Image No. 6: Automatic Scraper Image No. 8: Honey Vacamount

at Salehi and Saffarian (Chaltasian)

Dairy Farm.
-
{ ‘ Return
L L L
Free stalls
2 __ 3 et} Lateral Canal to Storage
Image No. 4: Collecting manure using Image No. 5: Collecting manure using Image No. 7: Overview of the automatic scraper function.

a shovel. tractor.



7. Calculating Amount of Manure 8. Manure and Wastewater
and Wastewater Produced at Dairy  Separation and Collection Methods

Farms at Dairy Farms

In order to improve the management of manure and wastewater Manure is collected using loader and barrow in an open shade,
resources, first each of their production amounts should be predicted Honey Vac, scraper and flushing in a free stall system, at dairy
and calculated, so that the required storage tanks and machinery can be farms. In the following images you can see some examples of
designed accordingly. these systems.

Calculating the annual amount of manure produced at dairy farms is best done i
1-8 Grooved Concrete Flooring

This system is usually used in European countries, and small farm units.

through the calculation of the harvested volume from lagoons, but considering

the difficulty of doing this, the calculation is done based on factors such as

animal type, animal weight, and the amount of milk produced. Manure pours in the grooves and is collected in the open shade. In the

In order to facilitate the measurement of the manure and wastewater lower section scraper and flushing (high pressure water) are used in

produced, the excrement volume is multiplied by 1.8. Using Table No. 5, order to collect the manure (Image No. 3).

the production volume of manure can be anticipated.

2-8 Using Shovel and Handbarrow

In order to calculate the amount of manure produced at dairy farms, you This method is used in small traditional dairy farms. The low speed of the

can follow the example below: job and the difficulties regarding the workforce are among the drawbacks

of this method (Image No. 4).
Example: A dairy farm unit with 600 milking cattle heads, 150 dry cows,
500 heifers, and 250 calves, produces 62,550 kilograms of manure per day.
600 milking cattle heads x 70 kilograms per day = 42,000 kilograms per day 3-8 Collecting Manure Using Tractor Loader (front

150 dry cows x 33 kilograms per day = 4,800 kilograms per day and back)
500 heifers x 27 kilograms per day = 13,500 kilograms per day In this system the cost of collecting manure is at its lowest level,
250 calves x 9 kilograms per day = 2,250 kilograms per day for a tractor loader can also be used in other sections of a dairy
Total manure produced: 62,550 kilograms per day farm. However, this system has its own disadvantages as well. One
of these disadvantages is that the tractors can only be used when
Another way of calculating the amount of produced manure, is through the stalls are empty of livestock. In some buildings, such as eight-
measuring the dairy farm’s milk yield. Numbers from Table No. 6 can be row free stalls, where there is a discrepancy between the number
used in these calculations: of cattle in the open shades and the number of automatic milking

machines, this system cannot be used (Image No. 5).

Table No. 5: Daily produced manure per cattle heads.

R
5 5 0.03 .
9

68 0.005 88 0.00 0.02
Calf
113 9 0.009 88 0.05 0.01 0.04
340 20 0.020 20 88 0.10 0.04 0.10
Heifer
454 27 0.026 26 88 0.14 0.05 0.14
454 50 0.051 51 88 0.33 0.17 0.18
Milking Cow
635 70 0.071 71 88 0.46 0.24 0.26
454 23 0.023 23 88 0.14 0.05 0.1
Dry Cow 635 32 0.033 33 88 0.19 0.07 0.15
771 39 0.040 40 88 0.23 0.08 0.18

(MWPS, 18-1 2004)



Table No. 2: Milking wastewater characteristics.

Parameter amount unit
With regards to the studies conducted, about 30 percent of the
total manure and wastewater produced comes from the maternity COD <2,000 mg/lit 02
pen, nursery, CIP, and milking wastewater at this dairy farm,
which is categorized as soft wastewater, and is treatable through BOD5 <1,200 mg/lit 02
common methods of treatment (broad aeration/and active sludge).
™ <10 mg/lit
4 TP <5 mg/lit
5-6 Waste
This substance which is related to livestock manure (urine and 5 TSS <150 mg/lit
feces) and cattle trough washing processes, contains high amounts
of organic matter, Nitrogenous compounds, as well as suspended 6 pH 6<pH<8 -

tter. Thi is divided into the two liquid and solid ph
matter. This manure s divided into the two fiquid and Sofid phases TN: Total Nitrogen. TSS: Total Suspended Solids. COD:

using a separator. The presence of organic matter with long carbon
9 P P g 9 Chemical Oxygen Demand

and cellulosic chains makes the treatment of the liquid phase using
the common methods, difficult.

Table No. 3: CIP Wastewater Characteristics
A considerable share of the COD present in this liquid manure

is related to plant cellulose and scleroid tissues, which have a No. Parameter amount unit

very low biodegradability. Due to the same reasons biological and

chemical methods are used for its treatment and recycling. This 1 COD <1,000 mgl/lit 02

itself causes an increase in the current and final costs of treatment

and recycling (Table No. 4). 2 BODS <700 mg/lit 02
3 ™ <10 mgy/lit
4 TP <5 mgl/lit

Recycling &
el 5 TSS <200 ma/lit

|

Usein 6 pH 6<pH<9 -
Agriculture

TN: Total Nitrogen. TSS: Total Suspended Solids. COD: Chemical Oxygen
Demand BOD: Biochemical Oxygen Demand

Production &

|

0
~

——

Collection

Table No. 4: Characteristics of livestock manure liquid phase.

¢
D00 B0 @

Recycling &

/ \ fietss No. Parameter amount unit
‘ _ cob >25,000 mgllit 02
Use in
Agriculture
\ 2 BOD5 >15,000 mg/lit 02
: 3 N >3,000 mg/lit
—
4 TP >40 mg/lit
\ 5 TSS >2,000 mgy/lit
6 pH 6.5<pH<8.5 -
Image No. 2: Management and application methodology of TN: Total Nitrogen. TP: Total Phosphorus. TSS: Total Suspended Solids.

fertilizers at Salehi — Saffari (Chaltasian) dairy farm COD: Chemical Oxygen Demand BOD: Biochemical Oxygen Demand
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5. The Overall Manure Manage-
ment Model at Dairy Farms

Image No.1 shows the overall manure management model at dairy farms
and Image No. 2 shows the management and application methodology
of fertilizers in the production, processing, and consumption phases at

this dairy farm.

6. Sources for Production of Manu-
re and Wastewater at Dairy Farms

At a dairy farm, manure and wastewater are produced in different
sections, with various characteristics. Some of the sources of

wastewater and manure production in dairy farms include:

1-6 Milking Wastewater

This wastewater is a result of washing milking facilities. The nature of
this kind of wastewater is similar to dairy products units. If the manure at
milking halls is prevented from entering this wastewater, its physical and
chemical contamination parameters will be relatively low (Table No. 2).
Considering the characteristics of this wastewater, and in case no
manure is allowed inside, it can be easily treated and recycled using
biological methods.

2-6 Tanks CIP Wastewater

This wastewater is produced in the milk storage and transmission
lines washing phase. Due to using acidic and alkaline solutions,
the pH range of this type of wastewater is usually variable, but is
categorized as soft wastewater regarding its chemical and physical
characteristics. This wastewater contains soap compounds from
detergents’ reactions (alkaline solutions) and remaining milk fats in
milking tanks and machinery (Table No. 3).

3-6 Nursery and Other Sections Wastewater

The wastewater from this unit is produced in the washing process
of calf nurseries, and due to the reason that calves are kept in
special enclosures, the physical and chemical contamination of the
water is very low. The maternity pen wastewater which also has
low parameters of contamination and is generally low in quantity,
is related to the machinery washing process and the unit where
livestock are kept.

4-6 Surface Waters

These waters are derived from any form of precipitation, and
considering their high quality, it is recommended that they are
not mixed with other sources of wastewater or manure, and
separate systems are designed for their collection.

Electricity

Manure Fertilizer Biogas ﬁ
L] Clean Biogas
i 5
m—i e —I_|. =  —in
- = Conneenon
Manure H H,S Elimination Generator to Grid
Collection Digester
Digestion Stage
o 9 Air Heating
l Water Heating
e e Cooking
Burning
Solids & Liquids b d Bi
Separation focessed Biogas Natural Gas Pipeline
Sale to Other Solid Manure e it S i o
Agricultural Biogas
Lands Processing

Liquid Manure

oW —

Spraying on Agricultural Land Liquid Manure Storage Lagoon

|
|
|

i e E
ompressor
Compressed Biogas . .

Fuel Needed in Transportation

Image No. 1: The Overall Manure Management Model at Dairy Farms



4. Terms and Definitions:

Nutritional factors: N: Nitrogen, P: Phosphorus and K: Potassium.

Reuse: Any common use from waste and recycled waters. Reuses in
this study include irrigation and industrial purposes.

BOD5: Biochemical Oxygen Demand, is the rate of oxygen consumption
in water by microorganisms.

COD: Chemical Oxygen Demand, is the amount of oxygen required
for the oxidation of the total matter present in water.

TOC: Total Organic Carbon, shows the total organic carbon amount.
Therefore, it is considered a very appropriate index for estimating
organic matters.

TDS: Total Dissolved Solids, is the total amount of solids in a
solution. Water dissolvable matters may be “organic” or “mineral”
by nature.

TSS: Total Suspended Solids, is the total amount of suspended matters
in a water or sewage sample.

MLSS: Mixed Liquor Suspended Solids, is the amount of suspended
solid matters.

MLVSS: Mixed Liquor Volatile Suspended Solids, is the amount of
suspended volatile solid matters in the mixed liquid

SVI: Sludge Volume Index, which is used for measuring the
sedimentation properties (ml/gr) of the mixed liquid or the active
sludge in an active sludge process.

EC: Electrical Conductivity, is the reference/reagent for a solution’s
jonic strength for transmitting electrical current.

pH: Potential of Hydrogen, is a logarithmic quantity which specifies the
acidity or alkalinity of a solution.

DO: Dissolved Oxygen, is the amount of dissolved oxygen in water.
Monitoring: It is the systematic observation, measurement, and
calculation of conditions (sewage/treated sewage/environment/
agriculture/livestock and etc.) for the evaluation of environmental
conditions and effects of using these resources.

Anaerobic digestion: It is the process of treatment with anaerobic
bacteria.

Aerobic digestion: It is the process of treatment with aerobic
bacteria.

Active sludge: It is the accumulated biologic mass in active sludge
sewage treatment systems, which is a result of bacteria and other
microscopic organism growth in the presence of oxygen.
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Irrigation, using wastewater, is not recommended for tuberous plants,
solely from a sanitary perspective, but is recommended for tomato and
cucumber. Therefore, in case of using wastewater for the irrigation of
nightshade plants, the required coordination should be made with the
Department of Environment and local water companies. It is worth
mentioning that the above table is not a confirmation or decline of using
wastewater, but a conclusion of the outstanding researches conducted
in the field in the Islamic Republic of Iran.

2-3 International Studies

The area of the lands irrigated using sewage and wastewater in the world
is estimated about 2.5 million Hectares, which is 1 percent of the water
irrigated agricultural lands. The results obtained from researches show

that the rate of liquid manure used is a function of the soil's chemical
characteristics and plant’s nutritional needs. But based on the opinion of
researchers, when there is no information available in this regard, between
40 to 90 square meters per hectare is suggested for corn plantation using
common tillage, and between 50 to 100 square meters per hectare for corn
plantation without tillage (Konzen, 2002). Indian farmers also used liquid
manure in the vegetative and reproductive phases of several agricultural
products, namely vegetables, for consecutive years (Jawal et al., 2009).
Liquid manure is majorly used in the production of cereals, and fewer
scientific experiments have been conducted regarding using them on other
crops. The results from studies show that liquid manure is mostly used in
two forms. It is either added to the soil before plantation or sprayed on the
plant’s foliage after dilution (Groot and Bogdanski, 2013).

In one of the studies, the effect of different organic resources, for instance
the liquid phase from dairy farm separators, solid manure, and the organic
waste from the biogas machine, was studied on the performance of cereal
grains, tuberous crops, corn and peas. The results showed that there is no
meaningful statistical difference between different organic matter sources
in the cultivation of crops (Moller et al., 2008). In another study on potatoes
in the Andes, various organic fertilizers including liquid manure, solid
manure (composted for 7 days) as well as a mixture of the two were added
to the soil. The comparison of the control group with the group treated by
liquid manure showed a 27 percent improvement in potato yield. (Garg et
al., 2005).

In another study, the performance of wheat was monitored and compared
in three control groups: using liquid manure and ash. The results showed
that using liquid manure, has the greatest effect on the performance

of wheat grain. It is worth mentioning that using ash did not make any
meaningful difference in the performance of the grains (Garg et al.,

2005). Compared to chemical fertilizers, satisfying results have also been
obtained from applying liquid manure to lettuce plantation (Wenke et al.,
2009). Similar results have been achieved from using liquid manure on
rice, showing the positive effect of this organic resource (Bharde et al.,
2003). Positive results have also been reported from the application of
solid manure on the increase of soil's organic matter (Naghavi et al., 1384).
The implemented researches and studies, show that similar to manure,
the increase of organic matter, causes a growth in the microbial population
(fungi and bacteria), as well as microbial activities (Samavat, 1389). In

the same regard, as reported by different researchers, not only is liquid

manure an organic and environmental friendly resource, but is considered
as a perfect source of nutrition for plants. Studies show that in many
Asian countries, including China, using organic liquid manure is increasing
(Abraham et al., 2007).

In 2008, the production of liquid manure in China was about 450 million
tons. Meanwhile, using organic residues, like plant remains, solid manure
and different types of compost, can correct the soll, increase its fertility,
and ultimately improve the production of crops through adjusting the

soil's mechanical, chemical, and biologic characteristics, providing a more
desirable amount of nutrition to plants (Stone and Elioff, 1998).

The results from studies show that liquid manure (dairy farms
separator liquid phase), contains large amounts of nutritional
elements, which can be easily absorbed by plants, and used in

the form of foliar application, as a basic fertilizer or topdressing on
the farm (Mikled et al., 1994). It has also been reported that liquid
manure, contains 1.6 percent of Nitrogen in the form of Ammonium,
which can be easily absorbed by the plant (Karki, 1997).

The results from other researches show the positive and successful results
from the application of pig’s liquid manure to agricultural lands in Brazil (poor
in organic matter). The fertilizing potential of this resource depends on the
concentration of nutrients present in the soil, especially Nitrogen (Certa,
2002; Giacomni and Aita, 2008; Giacomni et al., 2009).

Considering the studies conducted on local and foreign resources, Salehi and
Saffari dairy and agricultural farm (Cahltasian), uses simultaneous methods,

storage and composting, which will be discussed in detail later on in this study.




Subject

Result

Investigating the impacts of wastewater from urban sewage
treatment plant on the organic matter of soil. [10]

Investigating the effects wastewater for irrigation purposes
would have through drip, surface irrigating, sub-irrigation and
micro-irrigation on soil contaminants. [46]

Investigating the impacts, lack of SCS (Sewage Collection
System) would have on the environment of Shiraz. [65]

Investigating lysimeteric cultivation, employing raw sewage as
the main irrigation source for corn plants and using the drainage
for irrigating soy and ultimately employing the soy drainage in
the irrigation of parsley plants. [3]

Investigating Firuzabad's watercourse quantitative and
qualitative changes and its water self-purification, to be used
for irrigation purposes. [50]

Studying the amount of absorbed Cadmium from the
surroundings of the plants’ steam and its accumulation in the
stoma of crops. [51]

The results obtained showcased the fact that with an increase in the organic matter
available in sewage water used to irrigate tomato, parsley and carrot plants, adds to the
amount of organic matter available in the soil.

It was observed that irrigation with sewage wastewater has had the most polluted context
and condition, while drip and sub-irrigation is suggested, in case of reusing urban sewage
wastewater.

The results proved that the increased levels of heavy metals viscosity, Chloride ions
and Sulfate in groundwater resources in southern and southeastern regions of Shiraz,
to some extent exceed the standard levels required for irrigation purposes.

It was observed that the soy and corn plants irrigated with the obtained drainage,
compared to those irrigated with well water, had a significant increase in their
functions. This is while, there were no signs of serious change in the function of
parsley plants irrigated with the obtained drainage in comparison to those irrigated
with well water. The accumulated amounts of Cadmium in soy and corn plants
irrigated with sewage did not differ from those receiving well water.

The obtained results pointed to the limited amounts of heavy metals and mineral
substances in Firuzabad's watercourse.

The results of the study showcased that the various plants studied, vary in capability
to absorb and accumulated Cadmium in their stomas. It was also reported that leafy
vegetables are better at both absorbing and accumulating Cadmium in their stomas,
particularly their edible parts.

Source: Bulletin of environmental regulations for reuse of recycled and wastewaters, No. 5635, 1389.
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Subject

Result

Investigating the qualitative changes, sewage imposes on
seasonal rivers watercourse in Shiraz. [9]

Investigating the prospect of reusing the wastewater from
Mashhad'’s sewage treatment plant in agriculture. [2]

A qualitative and quantitative investigation on the treated
wastewater of Tehran’s sewage treatment plant and the
prospect of its reuse in the irrigation of parks and the city’s
greenspace. [6]

Assessing the quality of wastewater from the treatment
plant in north Isfahan, to be used in agriculture. [25]

Inspecting the effective factors and approaches in decreasing
farm wastewater contamination. [8]

Inspecting the effects of installed retaining walls in Isfahan’s
steel company, Roodasht, and Sagzi, on Zayanderud's
watercourse. [33]

The impacts employing Shahinshahr’s treatment plant
wastewater, for irrigating beetroot, corn, and sunflower plants
would have on their functions. [56]

Contamination caused by employing untreated sewage in the
lands of Borkhar Meadow. [29]

Investigating the accumulation of heavy metals in soil, wheat,

corn and cucumber plants, and alfalfa, which were irrigated with

sewage water for a period of eight years. [66]

Studying the quality of sewage outlet in Ahvaz Metal Industries.

4]

Investigating the impacts of irrigation with raw and treated

sewage on the growth and absorption levels of heavy metals in

Corn plants. [20]

It was observed that the viscosity of Cr (VI) in the watercourse of a number of stations
exceeded the Iranian standards and also those of the World Food and Agriculture
Organization (FAO). However, the amounts of Lead, Chromium, Copper, Cadmium, Nickle,
and Zinc were equal or in some cases less than the recommended amounts.

Based on the results obtained, reusing the wastewater from Mashhad's sewage treatment
plant for agricultural purposes and substituting it with farm wells for urban consumption
could be proposed as a solution to the city’s water scarcity.

It was observed that the qualitative parameters of wastewater, except from Nitrogen,
Bicarbonate, and Coliform, for the purpose of greenspace irrigation, are in the safe
zone.

According to the obtained results, the Azote, Phosphorus, Potassium, and soluble
salt rates in the wastewater, met the standards for use in farming. However,

for the wastewater to be released in groundwater, the amounts of floating solid
particles, Phosphorous and Nitrogen contained in the wastewater must first

be drastically decreased. Also, the levels of Azote, Chlorine, Sodium, and most
specifically Sodium Bicarbonate, compared to the FAO standards were significantly
high and could be harmful based on the acquired irrigation systems and types of
plants.

Factors such as applying accurate management of the farm in increasing irrigation
efficiency, efficient consumption of fertilizers and pesticides, accompanied by a change
in the farm’s irrigation systems, have been appointed as the most effective factors

in contributing to a significant decrease of wastewater contamination. Other such
solutions, effective in decreasing contamination and pollution in farm fields, were also
put forward: implementing the help of both natural and artificial pools, grass, swamps
and wetlands, retaining walls, fodder channels, soil filter, and correlating plantation and
cultivation with the quality of wastewater.

The most significant of effects such retaining walls have on the quality of Zayanderud's
water, would be an increase in its salinity levels to the extent which would render this
water as unusable for any purpose.

Results obtained hinted at a distinct decrease in saturated hydraulic conductivity and an
increase in the soil’s apparent specific weight. Irrigation systems directly impact the pace
of water permeability in the soil and a decrease of soil pores.

It was observed that Nitrate levels in 90 percent of the wells were above standard. While,
the viscosity of heavy metals, except from Cobalt, was less than the standard agricultural
consumption.

According to the obtained results, the viscosity of heavy metals in both the soil and plant
samples taken from fields irrigated with sewage was just a few levels higher than samples
taken from fields irrigated with well water. This is while, there was no limits regarding the
amount of accumulated heavy metals in irrigating these plants using sewage water.

Based on the obtained results, the viscosity of both fat and oil parameters, floating
solids, COD, Chlorine, and Sulfate were above the standard levels to be released in the
environment. However, the required Oxygen level for biochemical BOD, Lead, Zinc, and
Cadmium was lower than the Iranian standards require.

The results show that the accumulation of Lead, Cadmium, Copper, Nickel, and Cobalt in
the stomas of plants was lower than standard levels and a combination ratio of 25 percent
for raw sewage and a 75 percent for well water were announced as the best available
combination ratio in regard to the accumulation of heavy metals.



in agriculture. In the past, using wastewater was majorly done with have started in the recent one or two decades. In a section of these

the aim of improving the fertility of lands, while at present the main studies, the main focus is on the environmental effects of using these
motivation is water shortage. resources, and in other researches the influence of using them on
Considering the extent of welcome and also the need for using the quality and quantity of crops is analyzed. In the following table a
recycled and wastewater in agriculture, at present most sewage summary of the scientific and research experiences of using waste and
treatment plants in the country are designed and function with the aim recycled waters in different parts of Iran show that using this resource,
of reusing treated waters in agriculture section. Despite the history improves plants performance, without having any negative influence on
of using wastewater in Iran, researches on the effects of this action soil characteristics and permeability.

Table No. 1: A summary of scientific and research experiences from using waste and recycled waters in different parts of Iran.

Subject

Result

Investigating the consequences from irrigating the fields with
wastewater on the chemical features of soil in the region of
Borkhar, Isfahan, and the accumulation of a few elements in
alfalfa. [25]

Investigating the numerous techniques and systems for sewage
recycling and utilization in land revitalization and agriculture. [47]

Investigating the role of significant factors, in employing sewage
for irrigation purposes. [49]

Studying the results from employing refined urban sewage as
irrigation water, on the functions of tomato, lettuce, carrot, and
cucumber plants. [30]

Studying the effects of reusing Tehran’s refinery wastewater, for
irrigation purposes in the forest surrounding the refinery. [48]

Investigating the effects of treated urban sewage on the
functions of cucumber and carrot plants and that of treated soil
in arable conditions. [12]

Investigating the effects of treated urban sewage on the
functions of tomato and lettuce plants. [12]

A qualitative and quantitative study on torrents of sewage in
south of Tehran and their treatment methodology using the
stable ponds system. [32]

Investigating the chemical, physical, and environmental
conseqguences of a nine-year wastewater irrigation experiment
on soil, which employed wastewater from north of Isfahan. [15]

The research proved that seven years of irrigation with wastewater has led the saline and
sodium soil in the region to turn into loam, regardless of any further treatment. Moreover,
such measures decreased the overall sodium level of the soil and the salinity of soluble
sodium by a significant amount. This is while, irrigation with wastewater proved that it will
not help the viscosity of heavy metal contaminants in plants rise to hazardous levels.

Exhibits the favorable role a systematic use of wastewater could have, alongside the
significant part soil and land play in refining sewage.

Displays the additional benefits of stable ponds and the significant role they can
portray in sewage reuse. Studying stable ponds has granted us with the basics on
designing a structure we could use in reusing wastewater harvested from agriculture
operations.

It was recorded by the study that employing wastewater has led to a significant
increase in the functionality of these plants, compared to the control group. This is
while; there were no signs of negative effects on soil, particularly its permeability
on neither of the treatments. Furthermore, no significant gap was found between
the treatments regarding quality and the accumulation of heavy metals. Contrary to
tomato and cucumber plants, irrigation with wastewater is not recommended for
carrot or lettuce plants, from a hygienic point of view.

It was observed that both the pH level and the Electrical Conductivity (EC) in the forest
soil, compared to the soil prior to the wastewater irrigation, had increased. The results
obtained also hinted that most of the contaminants in Tehran's refinery wastewater
amount to such levels that render this wastewater inappropriate for use for irrigation
purposes in forests or even to be reused in the refinery facility.

It was observed that employing wastewater would result in an increase in the
function of the plants, which would also lead to the accumulation of both micro, and
macronutrients in the stomas of cucumber and carrot plants. This would also cause
an increase in the viscosity of micro and macro elements. It must be mentioned
that employing wastewater also helped increase the microbial contamination in the
products.

The results obtained proved that irrigating farm fields using sewage increased the viscosity
of micro and macro elements in all the stomas and rootstocks of tomato and carrot plants,
while leaving no negative or undesirable effects on soil features.

The results from the study indicated sewage usability and the application of wastewater
for limited and non-limited irrigation purposes.

The results obtained signify that wastewater irrigation for a period of nine years has
resulted in a decrease in the apparent specific weight of soil, its permeability, and an
increase in the moisture level of the farm field capacity, the function and quality of the
harvested products, compared to a field not receiving wastewater.

31



30

2. The Necessity of Using Manure in
Agricultural Farms

The increasing use of chemical fertilizers, failing to return plant residues
to the soil and burning these residues, has resulted in a considerable
decrease in the small amount of organic material present in the soil on
an annual basis. This also results in the formation of non-cultivating soil
lumps. Using appropriate management methods, based on the region’s
climate, and using organic correcting materials can help ameliorate
such conditions. The presented statistics in the recent years, show a
considerable decrease of organic matter in Iran’s agricultural soil. More
than 60 percent of Iran’s soil, only has less than 1 percent of organic
carbon (Belali & Colleagues, 1393). The average of organic matter
present in Iran’s soil is approximately 0.5 percent, and in some regions
much lower than that. This is while high-quality soil should contain

2 percent of organic carbon in the soil surface (Samavat, 1389).

Such conditions in the soil of our country can doubtlessly reduce the
fertility of soil and render an increase in production and sustainability
farfetched or almost unachievable. In the resistive economy program

in the field of agriculture, the increase of soil’s organic matter content
is suggested as a solution for obtaining sustainability in the fertility

of soil and agricultural products. The results from researches show
that much of the agricultural soils in the world also have fertility
problems, the main reason of which is these lands’ low organic matter
content. On the other hand, the organic matter content of the soil is
directly related to plants’ performance. However, the conditions of
almost all agricultural lands of the country are critical in terms of their
organic matter content, and paying attention to this issue can have a
considerable role in the increase of production potential in agricultural
farms (Samavat, 1389). In agricultural ecosystems, water and fertilizers
are two key determinant factors, affecting the growth and performance

of agricultural products. In many developing countries, the constant

exploitation of plants from soil’s nutritional supplies, without any
proper or sufficient substitution has resulted in a decrease in the soil’s
fertility. In such conditions, using chemical fertilizers as the fastest way
to compensate for the nutritional shortages and soil fertility, seems
essential. But the high costs of chemical fertilizers in the proposed
portions, as well as the resulting soil and water contamination from
man-made chemicals, has given way to an increasing demand for
organic fertilizers (Brusard and Ferrera-Cenato, 1997). Contrary to their
significant effect on soil’s fertility and boost of agricultural products, if
used in an uncontrolled and non-scientific way, they can cause a drop
in the quality and a disruption in the functioning of agricultural soils,
and consequently a decrease in the growth of plants and agricultural
products (Blaise at al., 2005). Even though using mineral fertilizers
seems to be the fastest and most reliable way of increasing the soil’s
fertility, high consumption costs and the pollution and destruction
caused to the environment and soil, are worrying subjects. Accordingly,
a full use of the existing renewable and organic nutritional sources
(organic and biological), along with an optimum use of mineral matters,
can play an important role in maintaining the soil’s fertility, structure
and vital activities (Zouleh, 1390). Nevertheless, chemical fertilizers
cannot be omitted from agricultural ecosystems at once. The method of
using renewable and natural materials with organic origins, along with
an optimized use of chemical fertilizers, are significantly effective in
maintaining the fertility, structure, biologic activities, cationic exchange
capacity, water storage capacity, and finally the chemical and physical
structure of soil (Damodar et al., 2000).

At present, in all industrial dairy farms, considerable amounts of liquids
containing nutritional elements are produced on a daily basis. This
liquid is, in fact, the solid extract of manure, urine, and the liquids from
livestock bedding wash, as well as the liquid from milking halls wash,
which is undertaken by separators. At most dairy farms, this liquid is
released in nature, and due to its high BOD and COD content, the act of
disposing it in the environment and into surface waters without physical
and chemical treatment is considered illegal and subject to heavy
punishment. On the other hand, the results obtained from chemical
analysis have shown that this liquid contains nutritional elements,

and can be reused in the production cycle, helping improve the plants
performance. Part of this wastewater is also recyclable.

3. A Study of Local and Internatio-
nal Case Studies of Using Waste
and Recyclable Water in Agriculture

1-3 Local Studies

Before starting the discussion, it is essential to know that since there
is no model of using recycled water in the industry of animal husbandry
in Iran, for the analysis of local studies, the records from urban and
industrial sewage were utilized.

Since a very long time ago, human beings used recycled water and
wastewaters in agriculture. The existing data shows that in the ten™
century, in the suburbs of the city of Isfahan, wastewater was used



Disclaimer:
This is a guidebook, not a rulebook. Therefore, none of the legal

conditions can be changed or replaced. The information in this
guidebook cannot be considered as rules.

1. Instruction

Water has been one of the major reasons behind the formation of

human communities. Iran is one of the countries where supplying

water for various purposes is among authorities” major concerns, in

line with their sustainable development commitments. A considerable

amount of Iran’s water resources is currently not used due to its low

quality (due to the penetration of wastewater), and non-compliance with

environmental regulations. It is believed that the parts of these resources

with fewer quality problems and capable of being treated using proper

methods, should be included in Water Resources Development and

Efficiency programs. If we consider wastewater and sewage disposal

in the environment as a cause of pollution, planning for their treatment

can be regarded as one of the subjects related to Article 50 of the

Constitution. Using chemical fertilizers, is one of the ways of feeding

crops, but considering the rise in their price as well as their environmental

disadvantages resulting from their inappropriate application, the tendency

towards using organic fertilizers has increased.

Therefore, using a mixture of chemical fertilizers and organic resources

can result in less reliance from the side of production section on chemical

fertilizers and a higher sustainability in production as well as a boost in the

structural and chemical characteristics of the soil. Consequently, in line with

implementing a mixed nutrition of crops, using various organic materials such

as liquid livestock fertilizers derived from dairy farm separators is necessary.

Livestock manure, contains considerable amounts of nutritional factors,

the protection of which from where it is produced to where it is supplied

to crops, is both economically and environmentally important.

Livestock manure is regarded not as waste but as an economical good

(Moradi & Aminian, 1391). During the past years, several experiments have

been conducted on the effect of solid manure being used as a fertilizer

on the performance of agricultural products such as wheat (Shahbazian

& colleagues, 1387), sugar beet (Javaheri & colleagues, 1384), cotton

(Gharanijiki, 1383), rapeseed (Pouzesh Shirazi & colleagues, 1390), tomato

(Khougar, 1377), cantaloupe (Silespour, 1384), and onion (Bay bordi, 1384).

When livestock are kept in enclosed places, managing manure gains a

significant position. In general five management systems are employed for

using livestock fertilizers:

1. Daily collection and distribution of manure which is usually not
implemented.

2. Collection and compaction of manure in piles, where the chance of
decomposition partly increases, prior to distribution.

3. Storage and processing in pools equipped with ventilation, where the
oxidation of organic material is provided, or oxygen is combined with
liquid manure.

4. Storage and processing in the form of anaerobic liquid, in deep tankers, where

the manure will be able to ferment in the absence of oxygen.

. A mix of the simultaneous consumption method, liquid storage,

and transition surplus to treatment phase and recycling. It is worth
mentioning that this method has been implemented in Salehi and
Saffari dairy farm (Chaltasian). This method is of great help to the
dairy farms’ sewage, wastewater and waste management, as
well as reducing production costs, and increasing sustainability in

agricultural production.
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numbers of elderly; and completely different cultural demographics needs for quality, safety, taste and pleasure — while addressing specific
encompassing very strong traditional societies as well as very modern nutritional requirements to help achieve healthy and balanced diets
lifestyles. It's also a region of health issues where obesity and across all life stages.

malnutrition coexist, sometimes within the same community.

Nestlé understands the health challenges of the region and ensures that

our products cater to the latest nutrition recommendations for healthy

living. Nestlé’s mission is to enhance people’s quality of life with good

food and beverages everywhere. In the Middle East, we strive to do

that by offering an array of tasty and healthy products that meet local

Nestlé in the Islamic Republic of Iran

Nestlé Iran was registered in 1995. After receiving the investment
decree on 9 September 2001, Nestlé officially began its activity in the
I.R.Iran. In May 2003, Nestlé Iran started the manufacturing and sales of
Nestlé CERELAC®. Year after year, Nestlé Iran tried to grow its business
in I.R.Iran. In December 2004, Nestlé Iran imported and launched
NESCAFE® and COFFEE-MATE® and less than a year later in September
2005, the company imported and launched MAGGI® Bouillon, Soups and
Mixes.

In 2007, Nestlé Iran achieved another milestone: production of NAN®
with the most advanced technology and based on the latest formulation.
Local manufacturing of infant formula helped supply the major need of
the market. Nestlé Iran succeeded to export its well-known international
brands; NAN and CERELAC out of it's Qazvin factory to the Persian Gulf
countries.

In the same year Nestlé Iran took another step to promote its business
in the country: Importation of Nestlé Breakfast Cereals FITNESS®, CORN
FLAKES, NESQUIK®, and CHOCAPIC®.

In 2007 Nestlé invested in the bottled water industry and started the
production of Nestlé Pure Life® in Iran. During 2009-2010 Nestlé started
manufacturing and exporting NAN 3 and GUIGOZ® Infant Formula and
increased its export activities.

In 2015, Nestlé invested in a new factory to produce NESQUIK®
(chocolate powder) and NESCAFE® (3 in1). In 2016, Nestlé made a new
investment to source high quality milk from local suppliers, this includes
the fresh milk reception site and RISE study.

Nestlé Iran has continued its development despite many local and
international challenges and looks forward to further growth in the Islamic
Republic of Iran. Nestlé is proud to contribute positively to the economic

development of the country by investing more than US $100 millions inits 3§
factories and providing direct job opportunities for over 900 people. Nestlé Iran Factory, Qazvin
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The World's Leading
Nutrition, Health and
Wellness Company

Nutrition has been the cornerstone of Nestlé since
1866 when Henri Nestlé developed his first infant
cereal to save the life of his neighbour’s child

who was unable to breastfeed and suffered from
malnutrition.

Founded in Switzerland, Nestlé operates in almost
200 countries and employs almost 340,000 people
all over the world.

Globally, Nestlé has the largest research and
development (R&D) organisation compared with
any other food company, with about 6,000 people
involved in R&D, as well as a number of research
partnerships with businesses and universities. The
Company has 39 R&D and Product Technology
Centres around the world, which develop
innovative technologies and manufacturing
processes that form the basis of new product

development, and are applied in operations. The R&D centres
have both global and local roles, by meeting regional needs and

providing technical expertise in specific areas.

For nearly 150 years, Nestlé has been committed to enhancing
people’s lives wherever they may live by offering the highest
quality of tasty and healthy food and beverage choices at all stages of

life and at all times of the day.

Nestlé Headquarters in Vevey, Switzerland.

Nestlé in the Middle
Fast

Our heritage in the Middle East goes back over 80
years to 1934 when the first import operation was
set up in Lebanon. Building a foundation of trust
among consumers has since made us the region’s
leading Nutrition, Health and Wellness Company.
Today, Nestlé owns and operates 19 factories
that cater to the region, and provides direct
employment to more than 11,000 people, more
than half of whom work for Nestlé Waters. Nestlé
also provides indirect employment to several
thousand more.
The Nestlé Middle East entity itself was formed
in 1997, with headquarters in the United Arab
Emirates, consolidating the Company’s presence
in the Gulf Cooperation Council (Bahrain, Kuwait,
Oman, Qatar, Saudi Arabia, and the United Arab
Emirates), Levant (Lebanon, Jordan, Palestine, and
Syria), Iran, Iragq and Yemen — covering a population of over 220
million. With total investments, of US $400 million over the last
five years, for Nestlé, the Middle East means growth, future
potential, talent, and innovation. It also means a challenging
business, considering security and political volatility in the
region, which reflects directly on the wellbeing of its people.
One word that likely sums the region up for us is “diversity”, because
that is what the Middle East is about in every way; home to developed
and emerging economies with affluent populations as well as many

who have very little; a majority of young population mixing with growing




The Nestlé Corporate Business Principles

The diagram below gives an overview of the 10 Nestlé Corporate Business Principles and what we want to achieve through them.

Nutrition, health and
wellness

We aim to enhance the quality of consumers’ lives by offering tastier and
healthier food and drinks and encouraging a healthy lifestyle.

Quality assurance and

We want to ensure that, everywhere in the world, the Nestlé name represents

Consumers 2 product safety the highest levels of product safety and quality.
o We are committed to responsible and reliable communication that informs
3 | Consumer communication | consumers, promotes healthier diets and respects consumer privacy.
) _ _ We fully support the UNGC's principles on human rights and labour, and aim
Human rights and 4 | Human rights in our to set an example of good human rights and labour practices throughout our
labour practices business activities business activities.
While fostering a culture of respect and dignity, we provide our people with
) equal opportunities for development, protect their privacy and do not tolerate
5 | Leadership and personal any form of harassment or discrimination against them. At the same time,
responsibility we expect our employees to be responsible, motivated, and to live up to our
Our people values.
We are committed to preventing work-related accidents, injuries and illnesses,
6 | Safety and health at work and to protecting employees, contractors and others involved along the value
chain.
, We require our suppliers, agents, subcontractors and their employees to
7 Suppller and customer demonstrate honesty, integrity and fairness, and to adhere to our non-
relations negotiable standards.
Suppliers and
customers _ We aim to help rural communities become more environmentally sustainable
) Agriculture and rural by contributing in a range of areas, including agricultural production and the
development social and economic status of farmers.
We are committed to environmentally sustainable business practices and
9 | Environmental sustainability | Strive to use natural resources efficiently, achieve zero waste and use
sustainably managed renewable resources.
The environment
The world faces a growing water challenge, and we are committed to using
10 | Water

water sustainably and improving our water management.
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Creating Shared Value at Nestlé

Creating Shared Value is the fundamental way
Nestlé does business across the entire value
chain, and the way we connect with society at
large. It begins with the understanding that for
our business to prosper over the long term, the
communities we serve must also prosper. It
entails businesses creating competitive advan-
tage, which in turn will deliver better returns for
shareholders, through actions that substantially
address a social or environmental challenge. It
is built on strong foundations of compliance and
sustainable business practices to preserve the
environment for future generations.

As a company, we are best positioned to
create shared value in three areas: nutrition,
water and rural development.

A key pillar in our Creating Shared Value strat-
egy is nutrition because food and nutrition are
the basis of health and of our business —it's
the reason why we exist. Nestlé's mission is
to enhance the quality of life of our consumers
by providing tastier and healthier food and bev-
erage choices, and services that help people
improve their nutrition, health and wellness.
Our focus on water and rural development is
driven by their critical importance not only to
our business but also to our employees, farm-
ers, suppliers, distributors and communities
where we operate.

We live up to our commitments to environmen-
tal, social and economic sustainability through
business practices embedded at the core of our
operations. These aim to deliver better financial

results for our shareholders by improving
working conditions for our suppliers, instilling
environmental practices that both benefit the
planet and cut costs, and enhancing products to
meet the specific needs of our customers.

This involves substantial training and education
of people inside and outside of Nestlé, as well
as large investments in technology with lower
environmental impact. We are also one of the
founding members of the UN Global Compact
Lead — an important platform for corporate
sustainability leadership.

Creating Shared Value requires compliance
with the highest standards of business prac-
tice, including international codes and stand-
ards as well as our own Code of Business

Creating Shared Value

Conduct, Corporate Business Principles, and
Management and Leadership Principles.
Read more about CSV on:
http://www.nestle.com/csv

Creating
Shared Value

Sustainability

Compliance

Nutrition, water, and
rural development, are
our focus areas

Protect the future

Laws, business
principles, codes of
conduct

Our Corporate Business Principles: founda-
tion of Creating Shared Value

It is essential that we build our business on
clear principles and sound governance. The
Nestlé Corporate Business Principles rule the
way we do business and form the basis of our
culture and values. The 10 principles, which
provide the foundations for our commitments
and our Creating Shared Value strategy, incor-
porate the 10 United Nation Global Compact
(UNGC)" Principles, divided into five areas:
consumers, human rights and labour practices,
our people, suppliers and customers, and the
environment.

Why are they important?

We believe that it is essential to have clear
principles and values that are built upon re-
spect for our consumers, our people, suppliers,
customers and the environment, and a strong
compliance culture that is fully embedded in
our business. Demonstrating our adherence
builds trust among our stakeholders, ensuring
they have confidence in Nestlé brand and what
it stands for, both now and in the future.

*To read the global report: http://www.nestle.com/csv
To know more about the global commitments, check the interactive graphics: http://www.nestle.com/csv/what-is-csv/commitments

How are they applied?

All our employees are required to comply with
Nestlé’s Corporate Business Principles and we
continuously monitor their application and ef-
fectiveness. Our principles are implemented
through relevant business codes, policies, pro-
cesses and tools, which have been developed
to ensure they are practiced every single day,
across the Company. We set high standards,
always following Nestlé Corporate Business
Principles wherever we operate — even if local
laws are more lenient or non-existent.



As a key global and local commitment for Nestlé, water
management and safeguarding this most precious resource
is high on our list of priorities, and it is humbling to see the
positive effects of this project take shape in the Islamic
Republic of Iran. We are indebted to our partners, without
whom none of this would be possible.

This report stands as a testament to how working together,
we can work to enhance quality of life and contribute to a
healthier future here in the Islamic Republic of Iran, and we
are proud to be a part of it.

Zulfigar Ali
Factory Manager
Nestlé Iran

44

Zulfigar Ali, hosting a delegation
of Custom Authority guests at
the Nestlé Qazvin manufacturing

facility

Nestlé in Society
Creating Shared Value
Porgress and
Commitments 2020

Winner Of I. R. Iran’s
National Award for
Corporate Social
Responsibility
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Message from Nestlé Iran
Factory Manager, Qazvin

Zulfigar Ali - Factory Manager, Nestlé Iran

Welcome to this 2019 Nestlé in Society: Responsible
Sourcing and Creating Shared Value report from Nestlé
Iran. We're proud to issue our second Nestlé In Society
report from Nestlé Iran, a continuation of the work done
locally via our long term goals for the Nestlé ‘RISE’ project,
a collaboration with Bern University of Applied Sciences in
Switzerland.

As part of our responsible sourcing commitment, the

aim of project ‘RISE" is to help build sustainable dairy

and agricultural farming in Iran, through creating local
partnerships to decrease environmental harm by controlling
the consumption of energy and water, controlling waste,
and efficiently managing livestock.

In our second instalment of the Nestlé In Society report for
Nestlé Iran, we are proud to lay-out the steps we have taken
in partnership with various institutions, governments, and
other entities we work with in the region — specifically in the
areas of wastewater management.

“Our purpose at Nestlé is to enhance quality of life and

contribute to a healthier future.”



safeguarding of this resource in the country and are also
continuously investing in state-of-the-art technologies to
achieve high water efficiency and sustainability to minimize
the impact of our operations on natural water resources. We
believe it is important to share our know-how in these fields
with the community to engage and empower everybody to
contribute more.

Over the course of the past 5 years, we have managed to
significantly decrease water consumption in our factories.
Through the cooperation of Nestlé Iran and Chaltasian farm,
this farm acquired knowhow which helped it considerably

cut back on its water consumption, succeed in reducing the
consumption of chemical fertilizers, and notably increase farm
yield as well.

As a project stemming out of Project RISE, the Waste Water
Management project provides recommendations to support
dairy and agriculture farms to be economically, socially, and
environmentally sustainable, while delivering high quality for
the consumers. It is only by working together that we can
utilize our knowhow to further safeguard this valuable resource
and move towards Creating Shared Value in the Iranian society.
With cooperation between Nestlé Iran, Chaltasian farm, and
local authorities, the Waste Water Management project has
now become a model for other dairy farms in the country to
follow.

Our dedication to the people and society of the Islamic
Republic of Iran began almost 25 years ago, has never ceased,
and will be continued with even higher levels of enthusiasm
going forward. It is this continuous transfer of technology

and knowledge, devoted to quality and sustainability, that
demonstrates Nestlé's strong commitment to the future.

T éﬁff_——

Giuseppe Carella
Country Manager
Nestlé Iran PJSCo

Giuseppe Carella, visiting dairy farms with the executive board members
of Nestlé S.A.

Nestlé in Society
Responsible Sourcing
Creating Shared Value

2015

Nestlé in Society
Responsible Sourcing
Creating Shared Value

2017
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Message from Nestlé Iran
Country Manager

Nestlé is the largest food and beverage company worldwide
and we continuously strive to use our vast size and business
network to be a positive influence in the lives of all people,
everywhere. To ensure our long-term success and business,
we work alongside partners and contribute wholeheartedly
to the society and the environment in which we work, and
are immensely proud to have been a real and continuous
contributor to the Iranian society over the years.

Ever since Nestlé's founder, Henri Nestlé, invented Farine
Lactée infant cereal, we have put all our efforts to live up to
our purpose of enhancing quality of life and contributing to

a healthier future. During Nestlé's journey of more than 150
years, we have come to understand how we can use our
business as a “Force for Good"” by successfully implementing
our commitments to society around the globe.

Our list of how we have used our business as a force for good
in order to Create Shared Value and contribute to the local
society over the years is long and uninterrupted. Our activities
are centred around our purpose to enhance quality of life and
contribute to a healthier future and the resulting commitments
we have made to the society — details of which can be found in
this very book.

Giuseppe Carella, Nestlé Iran Country Manager .
1usepp uniry anag Among our commitments, water has always had an

exceptional place. This resource has a fundamental role in
communities around the globe and also plays a foundational
part in Nestlé's production chain. The elixir of life, water is
needed from the very beginning in our production chain; from
when we plant the seeds in our farms, to when we deliver the
end product to the consumers. Water is also an essential part
of the dairy farm production process.

Throughout Iran’s history, given the environment of the
country, water consumption management has always been
a challenge for this society; a challenge successfully tackled
so far by the people. We find ourselves committed to the

"Focusing on safeguarding natural resources,
namely water, is how Nestlé Iran expresses its obligation

to the society and its commitments."



In addition, Nestlé Iran will continue engaging industries,
institutes, and authorities through workshops/conferences
to contribute to driving Water Stewardship in Iran.

Overall, our actions in Creating Shared Value would not be
the success they are, nor sustainable without the support
and trust of the various institutions, governments, and

other entities we work with in the region. We believe that
concerted collective efforts can truly create a positive impact
in society.

We welcome your feedback on this report, our
commitments, and our performance and look forward to
many more years living up to our purpose of enhancing
quality of life and contributing to a healthier future.

. <.7c._‘4 3

Yves Manghardt
Chairman and CEO
Nestlé Middle East FZE

y

Chairman and CEO of Nestlé Middle East, Yves Manghardt, visiting
dairy farms, partners of Nestlé factory in Qazvin province.

Mestis

In Society

Lrmatirg Sharwd Vo

Nestlé in Society - Creating '
Shared Value and meeting our .
commitments 2014 - Middle East
http://www.nestle-me.com/en/csv _SFVY
-,
Pedli
e Sarary

Nestlé in Society - Creating Shared
Value Progress and Commitments

2020 - Middle East
http://www.nestle-me.com/en/csv




Message from our Chairman and
CEO Nestlé Middle East FZE

Yves Manghardt, Chairman and CEO of Nestlé Middle East FZE

At Nestlé, we believe that business results and positive
societal impact should be mutually reinforcing. To be
successful in the long term, we must create value for both
our shareholders and our society. We call this approach to
business Creating Shared Value and it is an integral part of
our business strategy.

Improving the nutrition, health, and wellness profile of our
foods and beverages is at the heart of what we do. We want
to contribute to healthier lives, with a particular emphasis on
childhood nutrition. Out Nestlé for Healthier Kids initiative
brings together all our efforts — from product reformulation
to supporting parents and caregivers.

We are also driven to positively contribute to the
communities where we live and work. When it comes to
addressing global sustainability challenges, one of our key
ambitions is to lead the way in shaping a waste-free future.

Protecting water as a scarce resource is a clear priority

for Nestlé Iran and the Iranian Government. We aim

to contribute to Water Stewardship through our water
efficiency projects and wastewater treatment facilities in our
own factory operations, and in dairy and agricultural farms
we work with.

“We are executing on our Nutrition, Health, and Wellness
strategy and creating sustained value for society over the

short and long term.”



. Provide climate change leadership

. Improve the environmental performance of our packaging

. Reduce food loss and waste

Environmental
Sustainability

iii . Foster career opportunities for youth in the Middle East
Our People &
Compliance

. Enhance gender balance

. Ensure that all Nestlé employees are covered by a certified safety and health
management system

. Provide CSV, nutrition (NQ), & environmental sustainability training for our
employees

Our Commitments and the rise of RISE

We at Nestlé touch billions of lives worldwide; from the farmers we work with to the individuals and families who enjoy our products, the
communities where we live and work, and the natural environment upon which we all depend. Their challenges are our challenges. Their success is a
success we all share.

As part of our commitments and our purpose to enhance quality of life and contribute to a healthier future, Nestlé Iran has commissioned project RISE
(Response-Inducing Sustainability Evaluations) with the strong collaboration of Bern University of Applied Sciences, Agricultural Jihad Organization,
and local milk farms. RISE makes solid contributions in meeting Nestlé Iran’s commitment to each of five categories mentioned previously

(Nutrition, Responsible Sourcing, Water, Environmental Sustainability and Our People & Compliance) and will provide support to address sustainable
performance issues in the farms. Our RISE strategy focuses on many areas including Milk Quality, Animal Welfare, Water Use, Working Conditions,
Economic Viability, Animal Husbandry, and Quality of Life amongst others. As a result, the RISE strategy explores seven specific categories, which fall
under the three main pillars which look at what works best for our consumers, our communities, and our planet.

FOR OUR FOR OUR FOR OUR

CONSUMERS

©

COMMUNITIES

&

Lo g

é

PLANET

o

Enhanced Assured Farming & Local Animal Water Air Quality & Waste &
Nutrition Quality Livelihoods Welfare Climate Natural Capital
@ Benefits of @ Transparency @ Farmer @ Healthy cows @ Reducing @ Reducing @ Reducing
dairy-based back to the support water usage emissions in waste in
nutrition farm in factories factories factories
@ Researchand @ Quality @ Community @ Sharingbest @ Reducing @ Natural
development control, food enhacement practices emissions on capital on
safety with farmers farms farms
@ Micronutrient @ Packaging
fortification design
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Summary of our Commitments in the Islamic Republic of Iran

In 2015, we published

the first Nestlé in Society
Report for the Middle East,
outlining our 20 Creating
Shared Value commitments
in the areas of Nutrition,
Responsible Sourcing, People
& Compliance, Water and
Environmental Sustainability.

{
\ 4

Nutrition

.“

‘IC
Responsible
Sourcing

\Water

Significant Events in 2017-2020

With a particular focus on nutrition, health and wellness, our commitments also cover water
and environmental sustainability, and highlight other topics including responsible sourcing,
people and compliance.

There are diverse nutrition challenges people face in the Middle East; from over-nutrition to
under-nutrition and micronutrient deficiencies. Eleven of our 20 commitments are focused
on nutrition; geared towards building nutrition knowledge with science and research, offering
tastier and healthier product choices, and inspiring people to lead healthier and happier lives,
with specific focus on children.

In this document, we share our commitments for 2020, briefly. We have the capacity, and
more importantly, the determination to play a positive role in society.

. Build knowledge leadership in children’s nutrition
. Further provide nutritionally sound products designed for children

. Help reduce the risk of under-nutrition through micronutrient
fortification

. Reduce salt, sugar, and saturated fats in our products

. Increase vegetables, grains, pulses, nuts and seeds in our foods and beverages

. Simplify our ingredients list and remove artificial colours

. Deliver nutrition information, advice and portion guidance
8. Promote healthy hydration as part of a healthy lifestyle
9. Promote healthy diets and lifestyle
10. Ensure responsible marketing communication to children

11. Market breast-milk substitutes responsibly

12. Implement responsible sourcing in our supply chain

13. Work to achieve water efficiency and sustainability across our
operations




Zulfigar Ali - Factory Manager, Nestlé Iran

Water, and its sustainable management and stewardship, are among Nestlé's global
commitments, and one of Nestlé Iran’s key focus areas. As the world's largest food and
beverage Company, one of our key focus areas is achieving water efficiency and sustainability
across our agricultural supply chain. Through a collaborative project called the Wastewater
Management project between Nestlé, Chaltasian Farm, and the authorities, we have worked
to ensure the sustainability of our jobs, our lands, and our futures.

Mr. Saffari - Farm Owner

Chaltasian is proud to become the first professional dairy and agricultural farm in Iran’s dairy
industry to ever implement the Wastewater Management project. This project provided us
with many benefits. Not only have we managed to reduce the amount of water consumed
in various sectors of the farm through executing this project, but we have also significantly
decreased the quantity of chemical fertilizers used in our agricultural land. The organic
fertilizer accumulated by this system has also helped us increase the land’s yield of products.

Dr. Ghazal Nemati - Local Resources Development Manager, Nestlé Iran

The Wastewater Management project is a continuation of Project RISE. It is through this
project that Nestlé, with the cooperation of local farms, strives to protect the environment and
safeguard this country’s water sources by implementing state-of-the-art water consumption
management equipment and programs. This project helped Chaltasian farm in the reduction
of water consumption while increasing the use of organic fertilizers.
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Testimonials

Giuseppe Carella - Nestlé Iran Country Manager

Nestlé has always dedicated itself to the Iranian society and to its commitments to the
community, in line with the values of the Islamic Republic of Iran. Being of high value in the
country, water and its safeguarding have always been among Nestlé Iran’s top priorities.
The Wastewater Management project is part of Nestlé Iran’s purpose to enhance quality of
life and contribute to a healthier future through cutting back on water consumption and the
stewardship of this vital resource in every part of our value chain.

David Anderson - Nestlé Middle East Technical Director

In line with our global commitment to water and responsible sourcing, the Wastewater
Management project shows how important water and its stewardship is for Nestlé Iran.
This resource has always played a vital role in the country, and for this reason, we need to
devise methods to consume water sustainably across our chain of production while staying
committed to the Iranian society and adhering to our commitments in the Islamic Republic
of Iran.

Alireza Sarabchi - Head of Communications, Marketing Services and Government Relations, Nestlé Iran

The Wastewater Management project is a testimonial to how great companies like Nestlé
Iran can work hand in hand with numerous local and state authorities to create shared values
in the Islamic Republic of Iran. It shows that when there is a common goal to create a
healthier future for all, any and all obstacles can be overcome and that everybody can join
together to make this a reality. This is something that we at Nestlé aim to do in every society
in which we operate, and something that we are proud to leave as a lasting and sustainable
legacy.



Our Purpose

Enhancing quality of life

and contributing to a healthier future

For individuals and families

For our communities

For the planet

® Over and undernutrition

® Responsible marketing and influence

® Product quality

® Food and product safety

® Changing consumer demographics and
trends

® Food and nutrition security

® Data privacy and cyber security

® Supply chain stewardship

® \Nomen's empowerment

® Product regulation and taxation

® Human rights

® Animal welfare

® Business ethics

® Employee safety, health, and wellness
® Geopolitical uncertainty

® Fair employment and equal opportunities
® Natural disasters

® Responsible use of technology

® Community relations

® Rural development and poverty alleviation

® Natural resource and water stewardship

® Resource efficiency, (food) waste, and the
circular economy

® | and management in the supply chain

® Climate change

® Product packaging and plastic
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Enhancing Qualify of Life, and Contributing to a Healthier Future
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