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POTENTIAL FOR CONTAMINATION OF AGRICULTURAL PRODUCE BY
BACTERIAL PATHOGENS ORIGINATING FROM TREATED EFFLUENT USED FOR

IRRIGATION

Nirit Bernstein

Institute of Soil, Water and Environmental Sciences, VVolcani Center, Israel, POB 6,
Bet-Dagan, 50-250, Israel. Nirit@agri.gov.il

ABSTRACT

Scarcity of water in arid and semi-arid regions throughout the world makes treated urban
wastewater an unavoidable alternative water source for irrigation. The use of treated
wastewater for agricultural irrigation may result in human exposure to pathogens, creating
potential public health problems. Outbreaks of foodborne illnesses are increasingly linked
to consumption of contaminated fruits and vegetables and irrigation with wastewaters. A
variety of human pathogens are present in raw sewage water. Several bacterial pathogens,
introduced through contaminated irrigation water, were demonstrated to survive long
periods in soil and water, where they have the potential to contaminate crops in the field.
Therefore, there is a risk of direct contamination of crops by human pathogens from the
treated effluents used for irrigation, as well as a risk of indirect contamination of the crops
from contaminated soil at the agricultural site. Until recently, it was generally recognized
that potential health risks to consumers from edible agricultural produce irrigated with
contaminated water were associated with the application of contaminated water to the
aboveground, edible plant organs. However, recent studies have demonstrated that under
experimental conditions human pathogens can, to a limited extent, also enter the plants
through their roots, translocate and survive in edible, aerial plant tissues. The practical
implications of these new findings for food safety are still not clear, and no doubt rely on
the pathogenic microorganisms’ ability to survive and multiply in water, irrigated soil and
the harvested edible crop, as well as on their ability to penetrate or adhere to plant tissue,

and persist in the crop through the marketing chain.
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Available and Required Technologies for Upgrading Effluent Quality

Carlos G. Dosoretz,

Division of Environmental, Water & Agricultural Engineering, Faculty of Civil &
Environmental Engineering/Grand Water Research Institute, TECHNION-Israel
Institute of Technology, Haifa , IL.

Using secondary or even tertiary wastewater effluents for irrigation involves public
health considerations aimed at preventing the spread of salts, viruses, endocrine
disrupting compounds, suspected carcinogenic materials, nanomaterials and other
contaminants. Upgrading these effluents for safe irrigation and even indirect potable
reuse can be achieved by quaternary treatment including desalination and polishing.
This conception can change the actual close cycle comprising freshwater pumping—
domestic use—wastewater treatment—irrigation or infiltration (with contaminants)-
pumping. Quaternary treatment can exclude the salts and organic contamination from

circulating and contribute to a sustainable wastewater disposal.

Upgrading technologies for quaternary treatment at the wastewater treatment plant
(WWTP) outlet are already available and applied in full scale for indirect potable

reuse, and comprises for main aspects:
1. Removal of TDS, trace organic & inorganic pollutants and unknowns
2. Destruction of trace organic pollutants from effluents and brines
3. Brine management for inland locations

4. Sensitive and reliable monitoring techniques

Removal of TDS, trace organic & inorganic pollutants and unknowns

This include basically application of pressure membrane separation technologies,
including microfiltration (MF) or ultrafiltration (UF) for pretreatment followed by
multiple stage-reverse osmosis (MS-RO). High throughput membranes RO

membranes with high resolution (99% salt rejection), e.g., brackish water type-BW, or
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low throughput but very high resolution (99.5% salt rejection), e.g., seawater-SW
type, are available, depending on the product water application. Removal of TOC by

these membranes is in the range of 90-95%.

WWTP effluents with low nutrients content are required for high recovery, i.e.,
phosphate, due to the calcium phosphate scaling and concentrate qualities, i.e., both
nitrogen species and phosphate, during in MS-RO desalination. Ammonia/ammonium

rejection by RO membranes is pH dependent.

MF pretreatment followed by MS-RO and blending of both permeates to the desired
TDS or SAR or TOC values can be a practical solution for sustainable irrigation. A
pilot experiment aimed answering these questions carried out by the GWRI/Technion

is currently undergoing at a commercial WWTP.

Technologies for destruction of trace organic pollutants from effluents and brines

This include a series of photocatalytic processes that can be applied as polishing steps
following RO, as in the case of indirect potable reuse, or for treatment of effluents
were salt removal is not required as well as for brines purification, when required. The
available technologies include UV-H,0,, O3-H,0,, UV-TiO;, non-thermal plasma.
Trace organics removal in continuous mode = 80-95%. Development of new
nanomaterials and lanthanides based-new oxidants is currently at research stage. In all
cases membrane filtration (MF/UF) is required as pretreatment to improve efficiency

(colloids & particles removal).

Brine management for inland locations

This is probably the most critical issue in upgrading effluent quality, especially for
inland plants, still not fully resolved and required further research. Concentration
factors > 10 (Recovery > 90%) during RO are required to minimize brines
management. The three main aspects to be considered for brines managements are

concentration, treatment and disposal.

Besides evaporation ponds, al other concentration techniques, i.e., zero and near-zero
liquid discharge (thermal evaporation, spray drying, crystallization, salt solidification

and sequestration, etc.), are at the moment high energy-demanding.
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Regarding discharge options sea outfall (+AOP pretreatment) is the most practical
option however this requires transport solution. Other option to be considered are

sewer discharge (WWTP inflow blending), landfill and/or land spreading.

Sensitive and reliable monitoring techniques

Are required to guarantee product qualities and are already available at lab label and

some already are available online.

To conclude, besides the issue of inland plants, technologies are not a limitation for
improving quality of reclaimed water to the desired quality. The continuous price
decrease and increased efficiency of membrane and AOP systems faced from year to
year would increase the accessibility of these technologies. High quality effluents at
the WWTP outlet (low nutrients content) are required to minimize post-treatment

costs.
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Purification of secondary effluents - Atlit
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Purification of secondary effluents - Atlit

Parameter Secondary UFPermeate RO Permeate
effluents

pH 7.7 7.4 5.9
Turbidity (NTU) 4.0 n.d. n.d.
TDS (mg/l) 1200 1146 22
Alkalinity (mg/I-CaCO3) 280 278 9
Ca (mgl/l) 96.3 96.0 5.0
Mg (mg/l) 35.0 33.3 0.1
P(mgl/l) 53 4.4 0.1
Cl (mg/l) 325.6 323.0 8.3
Na) mg/l ( 227.1 216.2 35
K (mg/l) 29.8 29.6 0.5
N-NO (3+2mg/l) 4.7 4.1 0.4
N-NH4 (mg/l) 0.2 n.d. n.d.
TOC (mg/l) 12 10 0.7

.DXNP NOANN HY DIV DY NINNN NTIPI MNYTD 1T — NMNDNNA 21V 22D POINY VN
INTI INY N 90% DV TIOMIN NIAYN NNIDY JINY MNDNNN DY N WIT NYaNNN 1Ol
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Agricultural Reuse Regulations and Guidelines (November 2004)

Arizona California New WHO
Mexico (7210119 ,N9Y)
BODs Food NS NS NS
(mgfl) Non-Food NS NS
TSS Food NS NS NS
(mg/l) Non-Food NS NS NS
Coliform’ Fecal Total Fecal Fecal
F(_/IIO_ ‘t'ml)& Food None 2.2 1,000 10%10°
éis'i;;e:;i’:m) Non-Food | Dairy: 200 | Dairy: 23, | Dairy: 100, 10
Other: Other: Other:
1000 Un- Primary
disinfected Undisinfected

NS: not specified
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TSS mg/| 6 0.5 0.5 10
Turbidity NTU 25-6 0.5 0.1 5
BOD mg/I 6 0.5 10
COD mg/| 40 38 100
DOC mg/| 12 1.0 10
uv UV absorb. 240 24 230
Ammonia, as N mg/I 2 0.1 2 20
Nitrate total, as
N mg/| 10 21 10 25
Phosphates, as
P mg/I 1.9 0.1 1.7 5
Fecal Coliforms| MPN/100 ml 3*¥104 0 0 10
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