"2 VOLCANI INSTITUTE

~4 Agricultural Research Organization

) Institute of Soil, Water
¥/ & Environmental Sciences

Application of "under the radar™ approaches to
identify anthropogenically derived pathogen and AMR
indicators in produce and soil

Eddie Cytryn

East Africa Food Energy Water Conference 2025

FEW Nexus: Looking into the Future
I Mbeya; Tanzania | 14-16 July 2025

Bring
Them
Home



“One Health” and environmental dimensions of antimicrobial resistance (AMR)
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Wastewater Reuse in Agriculture: a growing phenomenon

Treated Wastewater in Over 500 MCM* of sewage is produced
Agriculture Global physical and economic water scarcity in Israel every year, of which ~93% is
treated in sewage treatment plants.
Some 87% is reused for irrigation in
~froeliliduelsei agriculture.

Approaching physical
water scarcity

M Economic water scarcity

Nttt The scope of agricultural lands irrigated
with reclaimed wastewater in Israel is
estimated at some 1.3 million dunams
(130,000 hectares).

o NIWILEY-BLACKWELL - "

Water scarcity and increasing demand for food has resulted in global expansion of wastewater reuse for irrigation. In
many regions irrigation water is untreated sewage....

Water Authority, "Reclamation of Wastewater and Low-Quality Water," accessed 15 January 2018



Treated wastewater (TWW) irrigation: Blessing or curse?

< Alternative water sources for irrigation
have become a global necessity due to
reduced precipitation, warmer climates,
and growing food demand.
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» Irrigation using marginal water sources
can contaminate food with pathogenic
microorganisms, such as parasites,
viruses, and bacteria- including strains that
are highly resistant to antibiotics.

The opposite of a fact is falsehood, but
the opposite of one profound truth may
very well be another profound truth.
(Niels Bohr)




TWW irrigation: Blessing or curse?

Contents lists available at ScienceDirect

Water Research X

ELSEVIER journal homepage: www.sciencedirect.com/journal/water-research-x
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Check for
wpdates.

Mitigating risks and maximizing sustainability of treated wastewater reuse
for irrigation
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We need to balance the twol
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NEW STANDARDS FOR TREATED WASTEWATER REUSE IN ISRAEL

Microbial criteria for wastewater
reuse

Yossi Inbar
Senior Deputy Director General, Industries
Ministry of Environmental Protection, Jerusalem, 95464 Israel

M.K. Zaidi (ed.), Wastewater Reuse—Risk Assessment, Decision-Making and Environmental Security, 291-296,
© 2007 Springer.

Table 1. Proposed new Israeli standards for effluent (average levels) *
Parameter Units Unrestricted Rivers . .
for gt Update on AMR-related issues in several
i A ds/m 14 environmental policy contexts
BOD mg/1 10 10
TSS mg/1 10 10
COD mg/1 100 70
N-NH4 mg/l 20 15 Unit ENV C1 — Sustainable Freshwater Management
Total nitrogen mg/l 25 10 DG Environment
Total phosphorus mg/1 S 1.0
Chloride mg/1 250 400
Fluoride | 5 1ila AMR One Health Network 29 February 2024
Sodium e i 200
Faecal coliforms Unit per 100 ml 10 @
Dissolved oxygen mg/T 0> >3
pH mg/1 6.5-8.5 7.0-8.5
Residual chlorine mg/l 1 0.05 Urban Waste Water Treatment Directive
Anionic detergent mg/1 2 0.5
Mineral oil mg/l n/a 1 + Actions on Wastewater Treatment in the Strategic Approach: Invest in removal of
SAR (mmol/L)0.5 5 n/a pharmaceuticals and ARGs; investigate feasibility of upgrading selected UWWTPs to mare
Botok me/l 0.4 ila advanced treatment lechnologies; support development of “greener” pharmaceuticals that
Ayiaric 111;/1 0.1 0.1 degrade more readily to harmless substances
Mercury mg/1 0.002 0.0005 + Proposal to revise the UWWTD adopted by COM in October 2022
Chromium mg/1 0.1 0.05 hitps://environment.ec.europa.eu/topics/water/urban-wastewater_en, including:
Nickel mg/1 0.2 0.05
Selenium me/l 0.02 w/a + For all agglomerations of 100 000 p.e. and more, MS to monitor AMR at the inlets and
Fisad m?s/l 0.1 0.008 outlets of UWWT Ps at least twice/year, to increase knowledge/support further action.
nglmunl mg!’l o Ll + Obligation on MS to conduct a risk assessment (human health/environment) and apply
Zine mg/l 2 0.2 additional treatment where necessary.
Iron mg/1 2 n/a
Copper mg/1 0.2 0.02 + Extended producer responsibility for pharmaceuticals and personal care products to
Manganese mg/l 0.2 n/a contribute to treatment costs.
Aluminum mg/l 5 n/a
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But how do we monitor AMR in wastewater and irrigated crops?

gHe Culturomics
| iLE Selective media targeting total and
! § | antibiotic resistant coliforms/E. coli)
— : .
S s WHO mtegra.ted glob:f\l Sl.,erEI”anCE on
h_d4 ESBL-producing E. coli using a “One
Health” approach
Environ. Sci. Technol. |
_—
iy Antibiotic Resistance Genes as
m Emerging Contaminants: Studies in
qPCR = ) Northem Colorado’
. . . .. . T AMY PRUDEN," RU()’IIN(; I’!il.
Quantitative evaluation of specific Bacteria/ARGs RN U o Axp
- Cotonacds Sk University, For ot Colopado 8523

—

An omics-based framework for assessing the
health risk of antimicrobial resistance genes

Metagenomics
An-Ni Zhanz,zI 2 Jeffry M. Gaston 3 Chengzhen L. Dai 2 Shijie Zhao?, Mathilde Poyetz'1 S,
Next gen Seq uenC| ng Of DNA d | rectly Mathieu Groussin® 24-5, Xiaole Yin!, Li-Guan Li', Mark C. M. van Loosdrecht(® ®, Edward Topp?,
Michael R. Gillings 8 William P Hanageq. James M. TIC‘d]Gm. Katya Moniz2, Eric J. AIm?%5 &
extracted from environmental samples Tong Zhang® 1112

% What indicators do we monitor?

(microbiome/resistome) . . _
% What are the epidemiological cutoffs?



ESBL E.coli

ESBL MDR E. coli are abundant inWWTP effluents e
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Persistence of MDR E. coli in soil
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not detected does not mean not present!

Enrichment
culture

(g7) qw- ndo

Marano et al., 2021, Environmental Science and Technology



Enrichment platform to detect “UNDER THE RADAR” microbiomes and
resistomes that potentially proliferate under “gut-like conditions
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Occurrence of “under-the-radar” antibiotic resistance in
anthropogenically affected produce

12 flrpra®, Vemgear Zhe Hanang &

Croniia Smkkina’’ Cabar wh®, Srever B Njedjowi,

O Samples enriched for 16 hrs in BHI media under aerobic & anoxic conditions
O Bacteria = total and cefotaxime resistant E. coli/other fecal coliforms e e e S



Gut-like enrichment facilitates the detection of clinically relevant pathogens
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Gut-like enrichment selects for clinically relevant ARGs in
“anthropogenically-impacted” samples
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Persistence of sewage-derived pathogens in soil
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Microbiome and resistome dynamics
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0O 7days 15 days

+ Sewage added to soil till maximum water holding capacity, and
subsequently soil was kept at constant humidity at 30°C

Ecosystem Resilience !

In ecalogy, resilience s the capacity ¢f an ecosystem o
respond te 2 perturbation or disturbance by resisting
camage anc subsequently reccvernng.

Source: Wiklpedia
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Persistence of sewage-derived bacteria in soil
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Conclusions

Under the radar pathogens: Enrichment
can expose viable pathogen and AMR
indicators in anthropogenically impacted
soil and crops that are not detected in direct
analyses

Ecological barriers: TWW-derived
ARB and ARGs dissipate in
irrigated soils and produce due to
the resilience of the soil
microbiome

«* By combining empirical studies, risk assessment tools and ecological models we can devise irrigation
regimes that take advantage of soil resilience to reduce pathogen contamination of irrigated produce,
even when low quality water is used!



Future directions

Integration of empirical data from enrichment-based/HGT studies in quantitative microbial risk
assessment (QMRA) models to assess risks of AMR and pathogens in TWWe-irrigated produce

. Hazards

» To what extent do ARB, ARGs, and MGEs contribute to spread of antibiotic resistant pathogenic bacteria?
* To what extent do ARGs carried by non-pathogenic bacteria contribute to spread of antibiotic resistant
pathogenic bacteria?

gressssnnsss . g e s - Il. Exnosure Assesshierit IIl. Dose-Response
: Pathogenic : Non-pathogenic : g P
: Bacteria : Bacteria * What are wastewater effluent concentrations of ARB, ARGs, and MGEs? * Do antibiotic resistant strains have different dose-response
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