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Experimental Soil TWW FW Irrigation Crop Plot type  Duration
Site/geographic type guality quality period of TWW
Location irrigation
Akko Vertisol  Secondary ~ Well April- Avocado  Orchard 12 years
(Western (60% effluent water October
Galilee) clay) Shomrat-  coastal
Agamit aquifer
WWTP
Rishon LeZion Dune  Secondary Aquifer Year-round Oroblanco 200 L 12 years
(Central Coast) quartz effluent injected Citrus steel
sand Shafdan TWW trees barrel
WWTP *) lysimeters
Gilat Loam  Secondary  Fresh April- Cotton Field 15 years
(Northern (20% effluent water October  and wheat
Negev Desert) clay) Sde-
Timan
WWTP
Kedma Vertisol ~ Secondary Well April- Olive Orchard 6 years
(Central Plain) (52% effluent water October trees
clay) Jerusalem  coastal
Sorek aquifer
WWTP
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.(2 nav) sul2, gnrA

Primer

sull-FW
sull-RV
sul2-FW
sul2-RV
TetO-FW
TetO-RV
erm(F)-189f
erm(F)-497r
erm(B)-91fc
erm(B)-454rc
gnrA32F
gnrA155R

target

sull

sul2

tetO

ermF

ermB

gnrA

Sequences

CGCACCGGAAACATCGCTGCAC
TGAAGTTCCGCCGCAAGGCTCG
TCCGGTGGAGGCCGGTATCTGG
CGGGAATGCCATCTGCCTTGAG
ACGGARAGTTTATTGTATACC
TGGCGTATCTATAATGTTGAC
CGACACAGCTTT GGT TGA AC
GGA CCT ACC TCATAG ACAAG
GAT ACC GTT TAC GAA ATT GG
GAATCGAGACTTGAGTGTGC
AGGATTTCTCACGCCAGGATT
CGCTTTCAATGAAACTGCA

Annealing
temp (°C)
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size (bp)
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Resistance of soil
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(A) popxmV02 719107 ,(C) NEroILVIR K77 NP NIYRANPMN NI'OI7IINN 1d1N NXIYA .4 A7
multi-response permutation procedures (MRPP) aion nir'ax .(T14) nvviawi (T7) viawn niypp
.PC-ORD niina nintn wi?wa 1yxia

Soil Comparison p value
Sandy loam T7ICvs T7A 0.25
(Israel) T14C vs T14A 0.33
(Hawaii) T7ICvs T7TA 0.91
T14C vs T14A 0.62

.0INOIPNZ'MN 10" NP WiItY 7w Ny ni'T NiTizaa ESBL aion nta nikyn'n .5 a7av

Soil Treatment blaTEM blaSHV | blaCTX-M | blaOXA blaVIM blaNDM
Original soil + - + - - -
Control 1 R - - -
(1 day) * "
Antibiotic treatment 1 + R + R R R
(1 day)
Control 2 R - - -
(2 days) * *
Sandy Antibiotic treatment 2 + - + - - -
loam (2 days)
Control 7 + R + R R R
(7 days)
Antibiotic treatment 7 + R + _ - -
(7 days)
Original soil + ) - B - )
Control 1 + R R - R R
(1 day)
Antibiotic treatment 1 + R R - R R
(a day)
Control 2 + R R _ - -
(2 days)
Clay Antibiotic treatment 2 + - - - - -
loam (2 days)
Control 7 + R R - R R
(7 days)
Antibiotic treatment 7 + R R _ - -
(7 days)
Original soil + - - - ) -
Control 1 + R R - R R
(1 day)
Antibiotic treatment 1 + R R _ - -
(1 day)
Control 2 + R R _ - -
(2 days)
Antibiotic treatment 2 + R R - R R
Loam (2 days)
Control 7 + R R _ - -
(7 days)
Antibiotic treatment 7 + R -
(7 days)

2V NP'0I'0IRN 7Y NYOWN 101N DRN N7RYN NN7Y ,0INO0IZNRMN 110" NIazya
NMULP?-NLA NI7'WD) I0PRNIVOO0N 7Y 1712 709N DY Y72 NIFIRNP'MN NIFOI7IIN

10" NYXIQ .NNXY NR'OIRM0IRD 7Y NIAN'D 10INA ARXIND ['917N7 IX (ESBLS -n 7w

11



72021 071N K77 (30°C) N2 NNIVIDNLIIXRT IOPRMVO0N QYWNI N2 DY

7119 7X'Y10I9 [INQ7 NNT NP'0IN'VIN NOMNA 9NN NIYPIPN NWI7WN YR NIYNN

VT DN'Y7RY NINYY 12 7y N7'UI"A'VIX 119090 ,'10'IN n7'nnn D'aIXy? 0'INTA ."7N'3.I'1|7'YJ

NIRXINNA .N'0IA'VIRN NIP'YOT7 TTNA D'PT'NN 7w 21D'Wn YOI R 1Ml LE. coli 'p1'n

NINDN2A ,07IX .NNI0YI9NLVN IX VIXA NYOWIN K7 N7'0I"A'vIRN NI7'Yow 1N11 NIKYY N2

N'N X7 12D D'l INKRT7E NR'0IVIRND NI7'YO] NN DT NNOX] NY7N00 K7 yip

2V ¥'a¥NN 12T ,N2N2 N2IN ANTA NI AT IRY NAYY NIYPA TR LNI7'YD

2NN o

Inhibition zone (cm)

day0

M Light

W darkness

m Soil
inoculant

day1l day2 day3 day4 day9

120.0

100.0

Percentofinhibition (respectto time zero)

80.0 -

60.0

40.0

20.0

0.0 -

3hrs

M sandy loam
M clay loam

M loam

5.5hrs 24 hrs 28hrs 50hrs 146hrs  170hrs  240hrs  312hrs

nimd (pNY) nmvo X7 vl (DTR) qYInL(71IN3) IR NINDIA N'OIM'VIR NIP'WD | TAIR -D'7wNY? .7 IR

JNDIYN Ny Nnindia N'uira'uix ni7'wo | TRIX -nunY N1

12



nT

NITNYN NN 7V 0'N712 DPYNN NYOYWN NIXK 1IYNT7 NNYAIT IPNNA D10 DTINY 19D
D'NXNN 190N 7V Y*axn 7'W7 axmn q'pnin znnn Di'o Yipn TN 7Y Nptortoiax?
:DIwN
NA'X N1IMY N0 NN D'NYIZ M NPYUN NN TITA NI0'YW Jno 7y (X
NNNY NNV 77 NIR'0IMM0IR YITYT yip ‘TN 79 NITmyn NN 7y ny'own
IUN'YY DMWY D'N7IP2 NITNY? DA DTNIY D'RPT'N 7¢ N'ON' Nnida NINdN
NPUNY
WP K77 N7'0I'0INT 0YTY DRPTYN 7Y NINMRA DIMY DAY DIR?EN Dy (2
D'PYUN M NIDWNRY
D'I9XN TN NI 7TIA NTOQ DA) NI'VIYVIX NADIN? Y7 'PT'N No'wN (A
2070 7V IX NYIRNZMN NI7'YON 7Y 'NIvnwn [91X2 Ny'Dvn N1k (D'N7172
7¥ n'on'n NINDYA NMIYRYN 2787 NN X721 Yy 0T NN NI'oI7dIN
IND )27 N'RINK NIV NNIRAN N'YALN NITNYNY DX .YPIP2 DFT'RY DTN
VP2 NIN'ion NIFLIYVIX NN NNAIYY YXRINN 710197 D2
NN7UNN 227 N'NT NIMMOVSINA PNNAN 170N 172PNNY NIRXING oN'NnY [N
JI0ON"NN NIYAITY NINIMD NIZRY 1901 DIY' O7IX .D'N7I72 N'PYN 7 NIMMIRNDAN
NIXIN2 NITNYN NN 7V D'NYI72 DYPYNN 7Y nyOwnn DX PITA7 NIX W' N'WR)
TV TPNNNT W' D 10D .0T XWII2 NIDINDON NIDOoN NIX 701 700 2197 w1 nR'ipn
D'717YN DINX D012 DMIVRIEDTNOYD 1A 7V D'RYIN NITNMY 1112101 '9'¥90 91K
NP'OIM'VINY NITNYN D120 DX 1'2ANY7I NNRIY NIAN0 |2 NIT'AY7 012 1'avn?

D"'YTNN D'NIoN9N ¥ X' VIO
:D'NIONY

1.  Negreanu, Y., Pasternak, Z. Jurkevitch E. and Cytryn E. (2012) Impact of treated
wastewater irrigation on antibiotic resistance in agricultural soils. Environ. Sci.
Technol. 46: 4800-4808.

2. Gatica, J. and Cytryn, E. Impact of treated wastewater irrigation on antibiotic
resistance in the soil microbiome. Environ. Sci. Pollut. DOI 10.1007/s11356-013-
1505-4.

:0'0127 D'¥PN

1. Negreanu, Y., Jurkevitch E., Pasternak, Z., Fine, P, and Cytryn, E. Effect of
treated wastewater irrigation on proliferation of antibiotic resistance in agricultural
soils. The 6th Congress of the Federation of the Israel Societies for Experimental
Biology - FISEB (ILANIT), Eilat, Israel, 2011.

2. Negreanu, Y., Jurkevitch E., Pasternak, and Cytryn, E. Impact of treated
wastewater irrigation on antibiotic resistance in agricultural soils. 26th SETAC
World Congress, Berlin, Germany, 2012.

3. Gatica-Arias, J., Negreanu, Y., Yang, K. Pasternak, Z. Jurkevitch, Z. and Yan, T.
and Cytryn E. The soil resistome: The anthropogenic, the native, and the unknown
The 14th International Symposium on Microbial Ecology, Copenhagen,
Denemark. 2012.

4. Cytryn E. NIREAS-IWRC sponsored symposium on “Wastewater reuse
applications and contaminants of emerging concern”, Limassol, Cyprus.2012

13



.10

A1

A2

13

.14

A5

A"

Aminov, R. I., N. Garrigues-Jeanjean, and R. I. Mackie. 2001. Molecular
ecology of tetracycline resistance: development and validation of primers for
detection of tetracycline resistance genes encoding ribosomal protection proteins.
Applied and environmental microbiology 67:22-32.

Aminov, R. I, and R. I. Mackie. 2007. Evolution and ecology of antibiotic
resistance genes. FEMS microbiology letters 271:147-161.

Avisar, D., Y. Lester, and D. Ronen. 2009. Sulfamethoxazole contamination of a
deep phreatic aquifer. Science of The Total Environment 407:4278-4282.
Baquero, F., J. L. Martinez, and R. Canton. 2008. Antibiotics and antibiotic
resistance in water environments. Current Opinion in Biotechnology 19:260-265.
Binh, C. T., H. Heuer, M. Kaupenjohann, and K. Smalla. 2008. Piggery
manure used for soil fertilization is a reservoir for transferable antibiotic resistance
plasmids. FEMS microbiology ecology 66:25-37.

Canton, R. 2009. Antibiotic resistance genes from the environment: a perspective
through newly identified antibiotic resistance mechanisms in the clinical setting.
Clinical Microbiology and Infection 15:20-25.

Chee-Sanford, J. C., R. I. Mackie, S. Koike, I. G. Krapac, Y. F. Lin, A. C.
Yannarell, S. Maxwell, and R. I. Aminov. 200 .9Fate and transport of antibiotic
residues and antibiotic resistance genes following land application of manure
waste. Journal of Environmental Quality 38:1086-1108.

Chen, J., Z. Yu, F. C. Michel Jr, T. Wittum, and M. Morrison. 2007.
Development and application of real-time PCR assays for quantification of erm
genes conferring resistance to macrolides-lincosamides-streptogramin B in
livestock manure and manure management systems. Applied and Environmental
Microbiology 73:4407.

Cummings, D. E., K .F. Archer, D. J. Arriola, P. A. Baker, K. G. Faucett, J. B.
Laroya, K. L. Pfeil, C. R. Ryan, K. R. U. Ryan, and D. E. Zuill. 2011. Broad
dissemination of plasmid-mediated quinolone resistance genes in sediments of two
urban coastal wetlands. Environmental Science & Technology 45:447-454.
Davies, J., and D. Davies. 2010. Origins and evolution of antibiotic resistance.
Microbiology and Molecular Biology Reviews 74:417-433.

Inbar, Y. 2007. New standards for treated wastewater reuse in Israel. Wastewater
Reuse—Risk Assessment, Decision-Making and Environmental Security:291-296.
Jueschke, E., B. Marschner, J. Tarchitzky, and Y. Chen. 2008. Effects of
treated wastewater irrigation on the dissolved and soil organic carbon in Israeli
soils. Water Science and Technology 57:727-733.

Martinez, J. L. 2009. The role of natural environments in the evolution of
resistance traits in pathogenic bacteria. Proceedings of the Royal Society:
Biological sciences 276:2521-2530.

Pei, R., J. Cha, K. H. Carlson ,and A. Pruden. 2007. Response of antibiotic
resistance genes (ARG) to biological treatment in dairy lagoon water.
Environmental Science & Technology 41:5108-5113.

Silbergeld, E., M. Davis, J. Leibler, and A. Peterson. 2008. One reservoir:
Redefining the community origins of antimicrobial-resistant infections. Medical
Clinics of North America 92:1391-1407.

14



MNI MINY DY DD

.0TAYN NIINY MONMNN TIN IPHNT MIVN

VPP 'PTYNA NR'0IM0ING DIT'AYN DN 7V 0'N71P2 2'PYUNN TWOWN NN 11winY

INSINN OMONN IPOY

(T2 NIWAIT IR WK DRI N7 TITA NI0'Y NITYA) Vg 2T N 7w NImnayn nnd ndawn
MLV YY DOANNA (N) : ON NTIAYN INNHN IPPY .DN'OW 0'AAI D'N7IZA 72PN NIPYIMN NRIY NIV VAR
MTHRYN NN IMOYY NN NPN DNTP PYN ,TITI-NMMYN KD NPINDIPIIN MIPTINY NPONIPIIANP TIP2
2 MXMPN MTRYD D) DY NPIOPDVIND DI THY DIPTIN KW MMI) MNI MO NNT .YPIPN SPTHIN 17P2

M) MR WP XOD NPYOPDLIND DI TRY DXPTON DY MMA) MNI MIPMINNND NPXOPN MYPIP (2) .0N2PN
MPIAPN OPTIN HY MTHYN NN DY NIVN NN DINDIPY DMNN NPPOPDVLIN 11D MYPIP NYN () .PPYNIN

IMTN NNPNY IPNHND MIVN NYIN DR IIYNI IPNHNN DIV 2237 MIYVNN NVPYTH NIPDN

99012 TNY W ODIN,YPIPA NPYVPDIVIND MITNYN NN DY DINDIP-202 THIPYN DY NYAUN ¥IYW IR KD PYIYD )13
.ANNN DT PIRY MNP N7Y DD DMDN

TVNRN MONPNND ; NTAYN TINNIIVNY (DXINN) DPPINY ,D01NDNOV) DIV IN PNINAY 1NNV NYa
19PNNN NINN YINIAY NINNY NNPNA IPNND NIIVH NV ONN 1Y IPNHND

JPNIPN NINING MTHYN NN 5Y aun DINDIPA MPYN T OXN - @

DYNVPN 12) HY DIRYIN NPIVPDVIND MTNYD DN YPIPN NN PYYN DNNPA MPYN ONN - @
PPOPDVIND NMITNIYN NYAND SNIYAYN 1DIND DITND DI WX ,DTNRDYI 1D DITM) DMVI)

VTN INRN DIDIN HAIPNI Y9TNPHII LVIN - AN 0NV : NITN NAPNA INNVY YT NXON
PPN OV 297319222 VIVIN ,TPIRN ,DIPN VAT W - 11 3% HHINYIN ; VIV DN DV PIND Y - BIVIVY
DYTH IMNND DIDINA SNPND

N'WTN NIND0A DINKNA DIOTD
Negreanu, Y., Pasternak, Z. Jurkevitch E. and Cytryn E. (2012) Impact of treated wastewater irrigation on antibiotic
resistance in agricultural soils. Environ. Sci. Technol. 46: 4800-4808.

Gatica, J. and Cytryn, E. Impact of treated wastewater irrigation on antibiotic resistance in the soil microbiome.
Environ. Sci. Pollut. DOI 10.1007/s11356-013-1505-4.

:0'0107 D'¥PN
Negreanu, Y., Jurkevitch E., Pasternak, Z., Fine, P, and Cytryn, E. Effect of treated wastewater irrigation on
proliferation of antibiotic resistance in agricultural soils. The 6th Congress of the Federation of the Israel Societies
for Experimental Biology - FISEB (ILANIT), Eilat, Israel, 2011.
Negreanu, Y., Jurkevitch E., Pasternak, and Cytryn, E. Impact of treated wastewater irrigation on antibiotic
resistance in agricultural soils. 26th SETAC World Congress, Berlin, Germany, 2012.
Gatica-Arias, J., Negreanu, Y., Yang, K. Pasternak, Z. Jurkevitch, Z. and Yan, T. and Cytryn E. The soil resistome:
The anthropogenic, the native, and the unknown The 14th International Symposium on Microbial Ecology,
Copenhagen, Denemark. 2012.
Cytryn E. NIREAS-IWRC sponsored symposium on “Wastewater reuse applications and contaminants of emerging
concern”, Limassol, Cyprus.2012.

(NPNINNN NNX JID) : NMTN NX DDIAY YDNN NN : NMTN DIDID

(1V)IVINI NP NV RYY <

9 PASN IPNNN NNPN DINT TWNN NPIDIN WIHND TNIND1 DN

15




