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Challenge the future

Learning Objectives

= To understand the ‘values’ of (treated) wastewater for agricultural
reuse / irrigation

e To understand the major constraints of agricultural water reuse

e What are the major polluting compounds of concern and how can
they be removed?

* How economic constraints compromise on water reuse qualities

-
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= Wastewater: increasingly important &
reliable source of water

m > 10% of world population consumes
products irrigated with wastewater

m Agricultural use of treated water adopted The facts are coming! The facts are coming!
to strategic planning in industrialised
arid climate countries

m Extreme lack of financial resources !! (investments — O&M), Asia ~
35% is treated, Latin America ~ 14 % (WHO/Unicef, 2000)

= 10 million hectares (!!) in 50 countries use non-treated / primary
treated / secondary treated water

= Downstream farmers (peri-urban and rural) use what they get..

= Urban farmers actively seek available water

m Poorest farmers use most polluted water

5
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Regional differences in water availability and use

NL USA | Haiti | Qatar | Tanz. | Yemen | Jordan

g:sr}z:’rg%ggr) 491 (1688 | 5 | 476 | 35 | 162 | 155
Domestic (%) 10 | 12 | 24 | 23 | o9 7 22
Industry (%) 50 | 46 | 8 3 2 1 3

Agriculture (%) 31 42 68 74 89 92 75

B GOSN 8 | 469 | 04 | 03 | 12 | 29 1.0

(km?3/year)
REMNELIE 90 |2478| 14 | 01 | 89 | 41 0.9
(km3/year)
Threatening Water Shortage in Arid Climate Area
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Wastewater irrigation
Sources of irrigation water:

= Treated, untreated, partially treated
= Naturally “treated” in rivers, streams and lakes

—nm Blended wastewater (i.e. treated ww + surface & ground
water)

m Polluted surface water

5
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Wastewater irrigation
Which one is treated sewage?

|—Untreated. Musi, Hyderabad, India

Treated. Amman, JordanJ
= Both are used for agricultural irrigation

5
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2. Benefits and Constraints Water Reuse

What are the benefits?

What are the constraints?

g o~
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Benefits of Reuse

Increased availability of irrigation water resources
Reduced need for fertilisation

Increased crop yields

Secondary treatment may suffice (?)

Effluent can be marketed

Alleviation of high-quality-water scarcity

Agriculture provides tertiary treatment: soil application /
infiltration (convenient way of disposal)

Combines treatment with production (two-sided return
on investment)

Nooakwb -~

®

-
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Irrigation water requirement
General irrigation scheme: 4-7 mm / day (1 mm = 10 m3:(ha-day)™")

Field condition (soil)
Climate condition
Growth stage

Type of irrigation

Actual demand depends on:

Data obtained using Olive Irrigation Water Requirements
- CROPWAT (FAO) 60% Overall Irrigation Efficiency Included
- Jordan climate data (Total IWR = 1295, 1130 and 1071mm respectively)
7.00
6.00
= 500 el
2.0 / \ — 0% Peff
E o )y N —50% Peff
e —— 75% Peff
g 2.00 /// \ e
1.00 / T\
0.00 /
SsseggIgegLEsssegggegzee
Tu Peff = % of rainfall effectively used by crops




Irrigation water requirement

Type of irrigation dependent:

Furrow 40-50% efficiency
Sprinkler 50-70%

Drip irrigation 70-90%
Subsurface-drip 80-100%

(if appropriately applied)
Bucket/ watering can  up to 100%

Agricultural use of treated effluents 11

Calculation example

Sana’a, Yemen discharges: 100.000 m?® sewage/day.

Farmers apply furrow irrigation (50% efficiency)
Crop water requirements estimate 8 mm daily irrigation in the
summer

1. Calculate how many hectares can be irrigated in summer with
treated wastewater if the wastewater is maximally used.

2. In winter (rainy season of 2 months) the crop water requirement
drops to 2 mm. How the available wastewater can then be
maximally used.

5
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Constraints of Reuse

Human, animal and environmental health hazards
Crop productivity and quality hazards

Soil condition and productivity hazards

Irrigation operational hazards

Differences between supply and demand of effluent
Social — cultural norms and values

2B e

Irabocsts

5
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3. (Treated) Wastewater Characteristics:

Impact on Crop Cultivation

Biodegradable Organic Matter and Suspended Solids [
Inorganic Soluble Salts ' »

Plant Macro Nutrients |

Trace Elements [

Pathogenic Microorganisms [

Effluent Flow-Rate [p

0 00000

Disinfectant By Products [

5
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Upgrading urban wastewaters

Sewage treatment plant (STP); most logic targeted location
for quality upgrading: e

-COD

- Solids

- Nutrients

- Pathogens

- Micro pollutants

Treatment criteria set by:

- General STP discharge criteria

- Potential health hazards / insights / knowledge

- Public perception / emotional debates

- Restrictive requirements in case of industrial reuse

| Legal liability mitigation restricts residual pollutants level to a minimum!! |

-
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Quality demands from agricultural

Slightly different vocabulary..: perspective

- Salts ?!

- Heavy metals !

- Industrial discharges (toxic chemicals)
- Pathogens: worms!

- Excess of nutrients

- Solids

Treatment can be more relaxed for COD, nutrients, pathogens (?)
dependent on agricultural practices.

However: if society can afford: “zero risk” is pursued.....

-
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Identifying Key Technologies (1) i‘%@

e

Industrialised countries:
“no-risk” technologies !!

US (California / Florida) / Israel / EU (?):
- centralised infrastructure services (collection & treatment)
- activated sludge / membranes (MF — RO) / UV / coag. - /
flocc., etc.
- indirect reuse via groundwater recharge
- salinization prevention via drainage / blending

Required infrastructure backed by well
functioning logistic and institutional services

Agricultural use of treated effluents 17

Urban water reuse in Kuwait:

z
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Harnasch polder WWTP effluent for hlgh-
quality water s
reuse?

Sieving |[—® Media filtration Ultra filtration —® Reverse Osmosis
Surface water
SUR SUR
sDiI sDI
NOM . oM
fon Feed eda Werakon Filtrate o
Conductivity Coagulation ?;gducﬂwty
s Adsorption irad Linking:
5 5 Water quality characteristics
Concentrate With
Quality, Troatment potential, Reuse potential, Incineration treatment units’ functionalities
potential, dewatering potential
Supply <~ Demands
fupelit .Wﬁ.‘.'{..‘._“._',., ROSSMARIK VEOUIA ides %’ Deifiand

Identifying Key Technologies (2)

Developing countries:
- water reuse constraints are recognized
- lack off civil, logistic, institutional infrastructure!
- financial constraints! (cost recovery not certain)
- discrepancy between legal and reality (paralysed situation)

(van der Hoek, 2002)

z
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Common Waste Water Treatment Technologies
F e Coarse screening
Prellmlnary e Grit removal
Treatment » Comminution large objects
=
®©
T 2
§ &
% o
2 3
2 o
S £
o
Tertiary o Membraqe filtration . g’
e Coagulation/flocculation =
Treatment o Activated Carbon
3 .
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How to solve the

sewage problem
PPPPPPPPP?

z
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Key Pollutants for Removal in
Reuse Scheme

1. Pathogens (Worms, bacteria, viruses, protozoa)
2. Salts (SAR ratio)
3. Excess of nutrients (N)
4. Heavy metals
5. Chemical pollutants (industrial discharges)
6. Micro pollutants ?
-ifu Delft Agricultural use of treated effluents 23

Pathogenic organisms in wastewater:
Organism Numbers in
Wastewater (per litre)
Bacteria: Fecal coliforms 107 — 1010
Campylobacter jejuni 10— 104
Salmonella spp. 1-10°
Actual concentration Shigella spp. 10— 104
depends on: Vibrio cholerae 102105
- Type of sanitation
- Water consumption Helminths: Ascaris lumbricoides 1-103
- Endemic diseases Ancylostoma / Necator 1-103
Trichuris trichiura 1-102
Protozoa: Cryptosporidium parvum 1-104
Entamoeba histolytica 1-102
Giardia intestinalis 102 - 10°
Viruses:  Enteric viruses 105 - 108
Rotavirus 102-10%
% ) i
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WHO guidelines, 2006 update:

Based on tolerable rotavirus infection of 10-%/person/year

Worm eggs Fecal Coli (per 100 ml)
(perl)

A. Unrestricted <1000
consumed <1* (<10 if no root crops grown)
uncooked
B. Restricted <105 (with human exposure)
Fodder and <1* <108 (mechanised agr.)
industrial crops <104 (Children < 15 years)
C. Localised
Drip irrigation -
without exposure to o
workers/public

(*reduced to 0.1 when children < 15 exposed )

5
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US EPA guidelines:

Very strict!

Prevention of diseases at any costs:

US EPA: food crops irrigation: complete removal required !
* unrestricted irrigation: not detectable in 100 ml

« fodder crops: <200 in 100 ml

No epidemiological basis (risk assessment approach)
Very high costs!!

Current WHO standards: Chance ~ 1 out of 1 million to be inflamed by
Hepatitus A

Reduction to 0 chance needs investment in WWTP of US$ 3-30 million per
one hepatitus A case (Shuval et al., 1997)

5
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Choice of treatment systems:
Developing Countries

Cost-effectiveness: will increase the accessibility of sewage as a
water and nutrient resource

Compactness: 1) applicable in urban settings; 2) will minimise
evaporation and salt increase

Robustness: will guarantee output at minimal operational input

Flexibility: must accept future modifications if required

Acceptability: engineers, farmers, and consumers must support the
choice of system

Should be applicable at any scale — decentralised approach.
Minimisation of collection and distribution network (reuse)

O 0 000 00

Should fit in overall management plan

-
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Treatment options for pathogen removal:

Treatment for pathogen removal (log units):

Helminth eggs Bacteria

Primary sedimentation 0-1 0-2
Anaerobic high-rate (UASB) 1-2 0-2
Activated sludge” 0-2 0-2
Trickling filter 0-2 0-2
High rate trickling filter (DHS) 1-2 2-4
Chlorination / Ozonation 2-3 3-6
Waste stabilisation ponds 1-3 3-5
Membranes 3 5-6
- Including settling pond
'i"U Delft Agricultural use of treated effluents 28

14



Dimensioning of ponds for pathogen removal

Plug flow pond / continuous flow without mixing:

N *
Death rate: _d_N = kd *N — Removal: e e‘kd 0

Ni

N = number of pathogens, K, = specific decay/death rate, 6 = HRT (days)

Series of same completely mixed ponds (equal 0):

log(Ni/Ne)/
Ner _ 1 . or = (10 coti/Ne)n _1) *N 1= number of ponds
N (1+ ka*@/ n) Kq 6 = HRT (entire system)

Assume: N;q = 108, Ny = 103, ky = 0.7 d-.
Calculate 0 for - plug flow pond

- 1 single mixed pond

- 5 mixed ponds in series

What is the pond
size treating
100.000 m3/d?

z
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Overview 200 ha Pond System at “Khirbet As Samra”,
Amman, Jordan

Evaporation: up to 20.000 m3.day

SR L - 3
P i e ;_.‘ - % *-

* % )2
(Ayres et al, 1992)  Nematod removal: 77 =100%* (1— 0.41e704970+0.0085"0 )

z
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Pathogen removal during activated sludge
process

Removal efficiency (%)

Enteric Salmonella Giardia Cryptosporidi
viruses um
Raw sewage | 105-10° 5000-80000 9000-200000 1-4000
Primary tr. 50-98.3% 95.8-99.8% 27-64% 0.7%

Secondary tr. | 53-99.9% 98.7-99.996% 45-96.7%

99.983- 99.99-
99.9999998% 99.999999995%

Tertiary tr. 98.5-99.99995% | 2.7%

-
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Pathogen removal in activated sludge: 2 logs
RWZI Kralingseveer RWZI Amsterdam Westpoort
Huishoudelijk
geometric mean untreated  effluent purification untreated effluent Purification
sewage from efficiency sewage from efficiency
water RWZI water RWZI

microorganisms (number/l)
Cryptosporidium 540 17 1.5 log (96.8%) 4650 250 1.3 log (94.7%)
Giardia 1220 13 2.0log (99.0%) 21300 250 1.9 log (98.8%)
SSRC 6.2x10° 1.7x10* 1.6log(97.2%) 7.9x10° 3.8x10° 1.3log (95.1%)
ScP 6.0x10° 15x10° 1.6log(97.4%) 54x10° 21x10° 1.4log (96.2%)
THCOL 9.4x10° 1.1x10° 19log(98.8%) 1.6x10° 6.9x10° 2.4 log (99.6%)
FSTREP 36x10° 57x10° 1.8log(98.4%) 1.6x10" 1.1x10° 2.1log (99.3%)
FRNAPH 22x10° 57x10° 261log(99.7%) 4.3x10° 3.1x10*° 2.1log (99.3%)
enterovirus 34 0.27 2.1 log (99.2%) 190 0.53 2.6 log (99.7%)
reovirus 69 2.7 1.4 log (96.1%) 370 8.4 1.6 log (97.7%)
general parameters (mg/l)
BzvV 87 3.1 96% 310 2.3 99%
czv 270 37 86% 570 33 94%
suspended matter 96 <10 > 90% 230 14 94%
chloride 140 120 14% 190 210 0%

3 )
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Enhanced pathogen removal using
compact tertiary treatment

= Sand filtration: sand type dependent, backwash, sludge production

= Chlorine (Cl,), dangerous gas, delivers HOCI and HCI , reacts with
NH,

= Na-hypochlorite (20-30 min contact time), pH —dependent
effectiveness, chlorinated compounds,

» ClO,, very aggressive unstable gas

= UV, increasing application, low pressure mercury lamp: 254 nm,
dosage 300 J/m?

= O, more complex, expensive, 10-20 min. contact, effective, toxic
byproducts: bromate, first order decay

* Membranes: MBR, UF, RO, more and more applications

Costs: Chlorine: 0.01 €/m3
UV: 0.05€/m3

-
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MBR Treatment of WWTP-effluent

Table 7 Reduction in microorganisms using different membrane syslems

(Till, 2001)

Pore Average Log | Bacterial
Membrane Size(mm) Reducg:ion ¢ Virus Reference
MBRs:
Coliphage | Chiemchaisri
PE (1) 0.1 4.6 OB (1992)
PS (1) 0.5 5 TC Gander (in press)
PS (1) 0.3 ND TC Jefferson (1998)
Memtec (2) 0.2 ND TC Kolega (1991)
Memcor (2) 0.2 3.8 FC Till (1998)
Renovexx (2) [0.5-1.5 3.3 FC Till (1998)
Stork (3) 0.05-0.2 2.5 FC Tin (1998)
Starcosa (3) 0.2 ND TC Till (1998)
DOW (3) 0.2 <7 TC Till (1998)
(1) Activated sludge within MBR;
(2) Primary sewage effluent;
(3) secondary sewage effluent.
ND - None Detected; TC - Total Coliforms; FC - Faecal Coliforms
3 )
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Integrated prevention of salts accumulation

Intervention Action

Irrigation technology (Sub-surface) drip irrigation
Irrigation management Leaching of salts

Crop selection Salinity tolerant crops
Treatment technology Compact systems / desalinization techniques

Sanitation technology  Separation black and grey water

-
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Integrated prevention of
pathogen accumulation

Intervention Action

Crop handling Knowledge transfer to & education of farmers
Irrigation technology Sub-surface drip irrigation (?)

Crop selection Non-edible crops or consumption only after cooking
Water distribution Combined water storage and disinfection
Treatment technology  Disinfection in post-treatment

Sanitation technology ~ Separation black and grey water

-
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5. The Water Chain Approach

Conceptual design framework

Treatment capacity

Treatment technology

Degree of (de)centralization
Costs and cost sharing

Water rights and empowerment

(Partial) Water body, Additional
treatment groundwater (fresh) water

Up-stream
issues

Agriculture

Sustainability

Water management Legislation Pollution prevention Crop choice
Farming practices Health matters Post-treatment Market value
Food chain Acceptance Resource conservation Water pricing
% )
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Cost revenues: entrepreneurs, farmers, municipalities

Income from ?7?7?:

- sewerage levies ‘M_‘
- treatment levies

- nutrients PRe e 27
- stabilised organic matter

- recovered energy M_‘

- treated water

- industrial crops
- cash crops m A
- aquaculture 2

Governance by municipalities being only responsible for
control & intervention??

-
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Conclusions

o Use of treated sewage shows many interesting advantages:

« Efficient use of locally available resources
* Cost effective optimisation at both treatment & reuse side

o Optimisation of treatment & reuse possible with integrated approach:
« Sanitary engineering
» Environmental engineering — cost effective treatment
systems
« Irrigation and water distribution specialists
» Agronomists
*» Sociologists
* Economists

5
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Non-technological considerations

Who pays for the treatment ?

Institutional Questions => Which guidelines are appropriate ?

Who takes responsibility ?

5
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Biodegradable Organic Matter and Suspended Solids

o Offensive odours (when anaerobic conditions occur) <
b Psychological rather than physiological stress

o Clogging of water distribution and application systems, filters and soil
pores (TSS-COD)

k In filters of micro-irrigation systems (subsurface) drip

Soil pore clogging observed with application of raw or
partially treated sewage

o Container of microorganisms, toxic or trace elements and plant
macro-nutrients

5
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Inorganic Soluble Salts: ca, Mg, Na, K, B, CI, SO,, %,
(H)CO,4

Expressed as TDS (mg/l) or EC (dS/m); TDS (mg/l) ~ 640 X EC (dS/m)
or mS/cm
@ Soil salinisation and sodification

k Destructs agricultural land: calls for preventive measures
E.g. mixing with fresh water / (rainfall) leaching

‘ lon specific plant-toxicity, direct foliar injury or leaf burn and foliar or
fruit staining with salt deposits

‘P Mainly associated B, Na, CI
Corrosion or clogging of irrigation water distribution and filter systems
‘ (controlled by acid application)

L, Monovalent cations generally
not removed

z
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Impact of salinization on agricultural fields

Nat

[Ca?]+[Mg?
Vica 2[ g’

SAR =

Pakistan

(Cochabamba, Bolivia)

Salinity < 1000 mg/I

z
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Salinity level and leaching requirements <

Salinity level (EC and TDS) Strategy

<0.7dS/m = <500 mg/l No problem for nearly all crops

0.7-3.0dS/m = 500 -2000 Leaching is required; drip

mg/| irrigation allows for most efficient
leaching

> 3.0dS/m = >2000 mg/l High leaching requirements

(up to 30%) may become

restrictive and thus salinity
tolerant crops are to be selected

-
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Plant Macro Nutrients: N, P, K

© Reduced need for fertilisation !!
b N and P are present in concentrations of interest

o

Nitrogen overdose and nutrient imbalance

N overdose leads to micro nutrients deficiency (Cu, Zn, Fe)

Deterioration of crop quality (e.g. enhanced vegetative growth)

o Induced algae bloom in irrigation system components: may result in
clogging problems

o Environmental, human, and animal health hazards

b Algae bloom in surface waters, N (NO,) contamination of
aquifers and groundwater (P is immobilised in the (top)soil).

-
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(Indirect) Effluent Use in Irrigated Agriculture, Jordan

Study area
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Nutrient leaching from agricultural fields
Farm Commodity N-surplus P-surplus K-surplus
(kg/ha) (kg/ha) (kg/ha)
A2 Alfalfa 1 6261 4100 3064
B1 Alfalfa 1 12906 5383 3450
B2 Apricot 70 37 49
C1 Tomato 721 477 1166
Cucumber 0 461 1041
C2 Onion 1 456 89 411
Potato 1 115 60 167
Potato 2 146 64 192
Tomato 920 209 714
Cucumber 782 271 960
C3 Onion 1 1439 123 568
Cucumber 711 322 1193
C4 Tomato 944 271 198
Potato 340 93 231
After Boom and Duggah (2000)
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Contribution of effluent nutrients to plant nutrient demand (%)

Farm Commodity N P K
A2 Alfalfa 1 461 1858 439
B1 Alfalfa 1 752 3090 313
B2 Apricot 229 3446 329
C1 Tomato 27 85 126
Cucumber 86 73 205
Cc2 Onion 1 204 364 208
Potato 1 95 322 83
Tomato 396 459 416
Cucumber 208 342 604
Onion 1 358 921 476
C3 Cucumber 132 303 920
Tomato 36 118 96
C4 Potato 38 159 27
By using the available nutrients in treated sewage:
Jordanian farmers could save 650 — 2000 Euro per vegetable per season !
s )
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Nutrient removal by crops
Source: adapted from Feigin et al., 1991
Crop Yield (kg/ha) Removal from field in harvested product
in kg/ha
N P K
Alfalfa 15.000 425 34 384
Barley 5.000 85 16 (grain) 140
8 (straw)
Cotton 6.000 140 21 300
(seed)
Corn 5.000 100 5.2 89
(silage)
Corn 10.000 361 30 42
(grain)
Wheat 5.000 112 8 141
(grain)
Note: Duckweed nutrient harvest: 5-10 kg N/(ha.day) !
(aquaculture) 1-3 kg P/(ha.day) !
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Wheat production with treated wastewater <

Applied Applied Applied Applied
Treated
Wastewater N P K
500 mm 50 mg/l 10 mg/l 30 mg/l
5.000 m%ha 250 kg/ha 50 kg/ha 150 kg/ha

Removal from field in harvested
product
N P K
112 kg/ha 8 kg/ha 141 kg/ha
l45% | 16% [ 94%|
5 )
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Nutrient Supply versus Nutrient Demand

Example: Nitrogen Uptake Pattern by Sorghum

oo N /w
N uptake ¥ com ,/ \/ Critical vegetative
(% of total) E " / ) growth till early
o 7/ reproductive stage;
20% this is when yield
mg // >\~ potential is

/ Emegas W% Fhwe  Macwe established

Minimum N use

Crop development

2
TUDelft
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Nutrient Supply versus Nutrient Demand .

Efficient dosing required to prevent leaching (e.g. by using drip
irrigation)

o N-demand at the farmer’s side should be in balance with N-content
in treated water

o Farmers must know the NPK content in the effluent to adapt
nutrient dosage management

Integrated approach must be followed between farmers, treatment
O plant operators and responsible institutions (e.g. Ministry of
Environment)

-
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Trace Elements: As, cd, Cr, Cu, Pb, Hg, Zn, Al, Be, Co, F, Fe,
Li, Mn, Mo, Se, Sn, Ti, W, organic toxic and carcinogenic subst.)

© Food-chain bio-accumulation hazards
@ Plant-toxicity hazards

o Ground and surface water pollution hazards
o Micro-nutrient supply: improved crop growth !
o Other: animal fertility hazards (oestrogen disrupters)

Decentralised systems will minimise trace elements discharge !!

Accepted application in agriculture exceeds the value in sewage (e.g.
pesticides, Cu, etc.).....

In most cases: - treatment systems remove, immobilise and/or
metabolise compounds;
- soil fixation of heavy metals;
- soil-plant barrier prevents excessive uptake

-
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I Cu concentration in the soil profile (Haroonabad, Pakistan)

Concentration (mg/kg)

00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
0-1
15-20 [ — <
<
‘é Municipal sewage
8 sscof g
60.75 [ty
B raw wastewater g
75'90- @ canal water
IWMI, 2002

Van der Hoek et.al

Pathogenic Microorganisms: Human Health Hazards

° Farm workers
° Residents near effluent-irrigated field
Application of sprinklers only during night
° Crop handlers
° Human and animal consumers of crops (incl. meat and milk)

Pathogens do NOT penetrate the crops, only at places
of injury

* Risk assessments based on assumptions (emotional) not on facts

* Irrigated field serve as post-treatment (sun-drying, sand filtration)
Intermittent application as irrigation strategy.

5
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Survival times of pathogens <

Survival times in days (at 20-30°C)
In faeces, In fresh water In the soil On crops
nightsoil and and sewage
. lud
Viruses sucee
Enteroviruses <100 (<20) <120 (<50) <100 (<20) <60 (<15)
Bacteria
Faecal Coliforms <90 (<50) <60 (<30) <70 (<20) <30 (<15)
Salmonella spp. <60 (<30) <60 (<30) <70 (<20) <30 (<15)
Shigella spp. <30 (<10) <30 (<10) - <10 (<5)
Vibrio cholerae <30 (<5) <30 (<10) <20 (<10) <5 (<2)
Protozoa
Zzlt(a)ln;t?ce:iysls <30 (<15) <30 (<15) <20 (<10) <10 (<2)
Helminths
s e eggs Many Months ~ Many Months Many Months <60 (<30)
FAO 1992  (figures in brackets show the usual survival time)
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Effluent Flow-Rate -

O Matching crop requirements (demand) and sewage flow rate (supply)

 Crop selection, cropping density, planted area
» Seasonal crop rotation

* Climate

« Type of soil (water holding capacity)

« Irrigation strategy (minimising evaporation)

o Construction of effluent storage tanks / basins
Could be combined with tertiary treatment (ponds)

o Mixing with other fresh water resources

O Constraint: effluent application often determined by other factors
e.g. combating salinity, ferti-irrigation, electricity prices

-
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Disinfectant By Products -
. Associated with chemical disinfection methods
b Ozone, peroxide, bromine, chlorine

‘ Hazards of chlorine disinfection

* lon specific plant toxicity and foliar injury (leaf burn)
* Human, animal, environmental health hazards

Formation of persistent, carcinogenic organo-chlorides

@ Alternative disinfection methods should be searched for
G Ultraviolet, membranes, electro-chemical

z
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Urban agriculture: non-recognised, illegal food provider....
Urban farmers arrested in Accra, Ghana.

ST = 2 e e
that : Mr _W?gg{’m*ﬂs ,MWWM-DQ-M_ 3

z
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