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Table 1. Physicochemical properties of antibiotics

Molecular Water
Class and antibiotic function Chemical structure weight solubility
(g molY) (mg L)
Diaminopyrimidine
290 400
Fluoroquinolones
354 44017
Glycopeptides
1449 >1000
B-Lactams
385 1204
Lincosamides
416 479
Macrolides
719 1750
Sulfonamides
277 2962
Tetracyclines on. P L
457 623
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Table 2. Concentrations of antibiotics residues in manure and soil

Class Antibiotic Soil (mg kg™) Manure (mg kg™?) Reference
Ciprofloxacin 5.6 45 Zhao et al., 2010
Fluoroguinolones Enrofloxacin 1.3 1.4 Karci & Balciglu, 2009
Norfloxacin 2.2 225 Hu et al., 2010
Macrolides Tylosin 1.25 7.55 Pan and Cho, 2017
Sulfonamides Sulfadiazine 0.085 91 Carballo et al., 2007
Sulfadimidine 0.054 20 Carter et al., 2014
Tetracyclines Chlortetracycline 13 764 Masse et al., 2014
Oxytetracycline 50 354 Chenetal., 2012
Tetracycline 2.7 98 Liuetal., 2016
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1. Degradation Time
2. Microbacterium
3. Burkholderia

4. Stenotrophomonas
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Table 3. DTso, Half-life and sorption coefficient in soil (Cycon et al., 2019)

Class Antibiotic (%235> Hf‘[')fa;':)e Koc (L kg
Diaminopyrimidines Trimethoprim 36 26 4600
Ciprofloxacin 50 3466 61000-1127
Fluoroquinolones Enrofloxacin 90 - 768740-39
Norfloxacin 52 1386 310
Azithromycin 13 990 59900
Macrolides Erythromycin 66 20 10
Tylosin 25 67 95532-110
Sulfachloropyridazine 29 28 170-41
Sulfonamides Sulfadiazine - 10 125-37
Sulfamethazine 53 23 208-60
Chlortetracycline 31 34 794
Doxycycline 27 578 -
Tetracyclines Oxytetracycline 63 56 93317-2872
Tetracycline 69 578 93320-400

£Y



S s T Ll

Gial33 b laads SLe a8 Il s wly oo zalS PH a5l
Liuetal,) $gs oo i S slixl 4 ey pH
Hu et al., 2019) |, 1Sen 5 550 lalllas gl (2017
5 oubelse G SSsn sl iz ol gl
oo s Sy b cod JyilaStuldlg
—SL o i llE oS e pa 08 (0 1B S
S8 g Ol PH YL oy ol b JT 025 L o
Sedlsges Slalis Gl ol by bogie S
Ci o pd el (6993 4 055 anld S bl Gie
Oles 5 (SS9l e me58 slp (oot o el
8 J3o) ol s L 3 oS 2 s
PAS 2l Free 515,50 Ol oo b laSiinn
ol ©dwe g ails HYL g Buile g witis S oo e
39570 5l G gl jlade jlas s B0 s 32 (sl p Y
3 eSS ©ie o b placSlgn ST Jlie ;o wibiee
w575 Sl & 5 0351 5 e Sl ,55LS 2 ) VD
ol 6 Buib b SLuS 5 lsie 45 5 (DTs0> 5 day) ous
- Sgm s8] .Cycon et al., 2019) wigd oo (au WIS
s wlos ) slomyl aSome digey S gzl Lo ol
09z il JSl b oo ay o0 S 10 04l gual S
Kimmerer, ) wb oo siols oyl 9,500 ool culls

(2009

S sy G T 9 2 LS g ST U

SB (29,50 dzols 8 Sloc

5 ol gloosS 5o plsld jsb 4 a5 e Ssm ST SLly
olylas> (Hamscher et al., 2002) W o <8l b S1>
Sl )ls oo 058l (35151 5 (e e
el B claplE g Ko S s Jlasl S
Sk 3 Go97me A g il o0 S Cdl Lol
robie alordsiion sbas,z alox jl ope sloa]
S 5ol 5 oS (S laiils conts « li

Y

S 50 LS g 5T 41525 1 I35 13U (gl g5
S o Sy b cos S 4 S go 26l 4550
o S 2l 502 e o wZash (T olse alex
L sspsleS S g 5o culSolul 5 ST DTso iy
Aol s 459, YA 5 ¥ g Vb g ol JT oS
Ve a4V IS cogb, goliéllL (Lietal, 2010)
VoIF Sl S B goldlgns yos das oo YO 4 Sl
Wang et) wbso 2l 59, T3 4 0jlgs 5 59, P18 &
SB Cusb, e b stolie b 55 Lo .@l., 2006
ol sl aSs,6b 4 (Yang et al., 2012) sls Lz
Spdge Sisml ai Slde all e
(Pan & Cho, ¢ 4y «(Srinivasan & Sarmah, 2014)
Ormlog i)l jee deg a5 axdlye 550 2016)
N eble b GlSelul 5 g o slelddge (enlaS 5805
S Gl Lall o S Sl 06 5 e
g s s5lem Ll 15 g 5e, YOO 5 YE/A YA ST
oS g ol ol ol o 59, FYIY o VE/V D/F V)
clale o)l 586 SB s by a5 e
SISl S e w4 Gl GenleS ldg o
Cuiet) os oo ¥ 4 VO 5l ol aiow ol & e
- T YL cdalé aas o las 3 Slisiss @l., 2014
Bl s Ko Sl 5l Canlas Gl 5l oS
Yang et) sgi oo S 0 byl 5,80k yiul8l coge

-5l eslatwl Loy @l., 2009; Pan & Cho, 2016
Sl bl oo 3l o e GHE 5 L Ss
5 Cmtlog i M 51 S oolinl )8 SB Sege
(S p,55LS j0 o5 ke +/V) S 50 Crasleg 25
odb 59, ez 917 459, Ve 9 Y7 5 DTso (tals crge
Sy oe,S alal cpl b (Topp et al., 2016) <ol
(S & CengesS 5 Mol o o als slasyS asile
o |y gyl asyos 5 00ls Gialidl ) oS T 5o
A o 418 550

SE 50 S g 5T wix

OIS SR Y 2 UL U SENSUSRITH [ETE S v
SB bz sla Shy 4 S g Sl Gizly g L
b ool i Jlis sl 31 (S pH ala 5|



\f’Y )LQ). s\ O)Louja s\\ »\1}

S g0 0,5 wlagss

5 S jbland Glagpl colad p (Bse (Swilojl
J93lS groldlgs S 5T a5 Jlp0 3,5 Jlos! 5ol
cils bpsyl ool 5 gauad Syl ol
syl el 5l cailes (Molaei et al., 2017)
5 oSl a4 eadll oS o Sle sl g 555,000
5950 BVIF 5 o slaclale )0 i 5 a4 G jleela g
loSsgm T cale onl Lol 0l )18 S15 0 S5kS 4
Pinna et ) cuslas oL blawsd o3l el 5 b
Yangetal.,) ;) Ken 5 Kb oliass s @l., 2012
5 obld lansd 5T el a5 wisls oles 55 (2009
o3 5 Nhee Gl Dad 4 GOl S STl
by w8l s Slepsl 5 jUgs s oyl oS
S5 2 S Sl LSl o5 ciS g
Ll s S s,See ool 5 ol
S Sge 5T 0, cde 4 by 3T colled y calise
S S o eyl el 5l el o] S o il
Gl e ay ol Sae ST g 5T b s Lo (sl
Marx et ) ol jwlas sl lg o S e b o
L1, S5 gy 4 b Sk 5l 55 Blie 4o (al., 2005
e Oy ol 5L g w8 oo S5l loSiges 5
Sial3dl byl colled s o aiS e ooliiul )8
a5 Gl cel S sm sl 51 (B opdle 4l oo
Gl o5 iSL b avslin (o lag B .2isd oo lag,8
s b 31 5 s loSisen 5l 4y e (55205
aiald ol g ates S o byl Lol easS algs
039l SlaS 5 ;o las 5T cudlad o33l 4y i Bilg5 o
(Ding etal., 2014) 55,5 oSS g 1 &

obS by S g T ol

Sgazme (55,58 £)l5e 53 (aloerd SladsS 5 )5 03554
lasgS 5l plle (55,5laS DY game adgi (lp g 0ud
oS o, 5 (Benetal., 2019) oo ,5 o oolatwl ls
52518 Sl 595 0091 )3 @V il (ol
GAsS g S CutsS g p ogdle LogS (pl ez ko
el 0 5 SB 4 aSgn T 0555 4 e QLS

Pt

S oo Wl @350 olr g Siddaee slaS o
o) s S owlple (Schloter & Dilly, 2003)
—oarld Wlgiee (99,500 eler slacadls wils S
Sadl p laoan ¥ SIS oLl sl garesge sla
wob; wldlee (Mijangos et al., 2009) asl S
Ghobl 5 o bSg o5l 45w o] 5l Sl
Gk 3l 55 MICY) (SuisS oo clile Jilo 51 y2as
—so e ) S sleanld depundlSls S 556
(Cui et al,, 2014) |, 1Son 5 sgw anlllas gl oins
—ee ok elaS gl ponn cale 1l ols la
Gy we3os R ) (09,0 eeg P<O.05) (5l
S 50 &5 (590 10 3 (99,50 i 2 (3L
S il o g g GalS basllgw (s>
i gy ol (LU et al, 2009) el oo I35
Slie ol (S S5 g5 g Sdg Bl 58 4 (29,500
Dad 4 g SB 0 eealSeh 50 g el S
Jo sl el Sign 51 os ansd 5 g5 il cod
Toth ) oS oo Cenilon (55l ) S Lo golilgus
—olpd ye suels 505 (2016) ) Kee 9 L (et al., 2011
ke V) GelSolal 5 ST (VG il e i) (5L
2 pSeke Vo) rbolew 5 (pSkS 5 S
5 Ol slis e & S>3 2555 IS (p,55kS
KECONT- S-S  WILH JL SRR RV-PR S CT-S ) 3| RN WA N J9%
ol p 6wl w0 eiixe (Cui et al., 2014)
1) Sogms] dlbize sbebl s S gl
sonlice (S5 o 5ok 1 S Lo +/o¥ g +/F oof0)

(Tothetal., 2011) wis S5

S o b 3T culled
5588 iy Lo 5l cellad ¢ 29,800 slo a3l (s 5o
Sl oS @lerdisn lanl B plxil oI, SI (09,500
Cycon et ) vas oo olis aiiwd ppo S ConS Lo
JoseS gioli g slacligm T b v, (@l 2019
S g See sbas Shee 5 ulSolul 5 ST
LI Sl 5 ST Segm 5T ol las deg)|

1. Minimum Inhibitory Concentration



S s T Ll

Sl s OV JS2) wigd oo (seminy sl o)y b g oads
Bouki et ) 4isS o Jlacl Gam i o, lails s osllask
byl oan¥T olgie 4 SlaS 5 ol sblis (al., 2013

09l Dgma pdo Cedlw lp g g Jawe S
.(Pruden et al., 2013)

' A

b AL P
Q -\ S
Z:/-L‘, ' R e
g 055 Bk 3l 9939 3 LS buugi i

9 910 S3gS 315k 5 S & S g 5T 099 ) SIS

=) OLLS gl i &, 5l plul p gl il
Figure 1. Antibiotics enter to the soil through
manure and undesirable effects on human through
uptake by crops

0

le‘}..} 61.::.)55 ))L..u Lv MLM B ‘59]0 .)55 ;.\.79.«.4‘59 OL.S
@ polie slagyj Sl (Jgame o Shoe A3 2 0l
s s il S s 55 |, (ARG) lacSsw 1
S 3! Glalxls olldlas (Urra et al., 2018)
odls (B30gS S 0 ol huwg b g T i
(Kumar et al., 2005) aib oo oo 9 JT slaogS b
9750 SaSgn Sl 5l aey0 50 5l Gl (5 plalS
Kumar et al., 2005; Dolliver ) oS o i |, S o
O as Ol 5 ol 4 olS slaikul et al., 2007
Dy aply Dglite laSign ool cdalé g loj wlS &
SNans (9 s ey Jsb (rpalaS 5ldg il Sgin
Migliore et al., ) was o ;i |) L LS, Job g
63,5 55 sla Jiu 55 s> 5l ulSelul 5 ST (2003
aS aaasl o 50 (2012) ), Sen 4 405 (et al., 2009
Sldlas ;5 oiliegollew yid jo a8 oo Yo il
Cwoglie (Migliore et al., 2012) ol ool Loyl 5 )3
5 Meon I3 olej Jsb 53 aSigmn 5l & ol
- sl UT 5o &A’ju(su] 9 o )Lf)l,w ol ol
S gla Shs 4 elS by bSisn il Ciz 05
G Sis s @olel ST L S s bSKggn ool cdal
Wuetal.,) sl Ko lbSign T oloosd 9 Sojud
odd L slSiigs 1 .(2014; Zhang et al., 2016
Jote oSy aem ) alizee laciond 4 olS lawgs
oS alisee sbow.s 5o l.m_ius.u‘sbi F I P
as W0,S 55 2010) s 5 g el slie
Huetal., ) asb oo ado, < a8le < S5 50 Sg ol
32 9 ko (deeioew dile laiy, LS (2010
SaS 5 ol S5 055 eyl oS 5T 4y
Wlgs oo 398 Sy (65,9laS SlapiuewsST 5o (29l

(Tasho & Cho, 2016) wus wags |, olae coal

bl s g LSS gar 5T 999
5l ;o odd Bras o9yl DloS 5 5l as o VO sgu>

OLlS oz Bk ol il wsd oo S5 T o ls 5l



\f’Y )LQ). s\ O)Louja s\\ »\1}

S g0 0,5 wlagss

O0gS o eogll Jlu>! (Tagoe & Attah, 2010)
3ham as S50sS oy 4 conwl L 5 ol 81 5l iy
S b oS o138 B pandy 4,8 (Sl 1l 090 pladl
.(Blaser, 2016) sqi Jaie 035,84 yole 5l casl Soo
IR Glesl oy5e SogS e Sl Gl ez 95 0
0aud Sgw 6l gyl 5l ,s DAY sl jo 4 o )§
L | atslgzl jgbay 45° (Wang et al., 2015) o
5 ooliiwl jo (gm0 cdS e e 1M ailoas s0g]]

b oo s ; Jamme  Sogll o S g 51

b S gt 5T B> (5o b

VR RN AR BSOS WS¢ S JONRE
2 e 5 (Sodll abml el laSiign T oz
e yedes .(Jeong et al., 2010) wigd oo lgn> g yludl
SB slapasils g S (5l Caros oV ol 136
29,5 ez S Laled 5 ($599eST Jolas (595 oo
5 bl Canglio sloul e ) o] 4 39 (S
Zhangetal., ) ol oo oLl jo Galizee slas Lo olx]
0938 39, JhyeS 9 0dd (ol O)lge 4 4z L (2013
G920 & yol SlaS 5 ol Bl da g 5T 5l eolazul
Gl il SlSeSs St (Bajpai, 2012) el
g oo doz 5l sl oas a8 5 IS o g 6T BA>
Cir olie Gemmlald wile (So5d slaghy,
s bs, « (Dolar et al., 2011) weSos jowsl § (laws
(oland o iy, «(Sadeghi et al., 2015) So50)9m
435 ¢ (Bautitz & Nogueira, 2007) UV/H;0,/O3
2,5 o,Lal (Elmolla & Chaudhuri, 2010) o JblS 428
R ams wiz e abiiy peelannS] glaanl
Slodols abai (Kl

55

ioalT Ol s ol 3] ] 4585 ol Sliins o
Ben ) 0,5 oo 3 eSism STl (olad jo 138 (13,55 5
Ol s o,k 5l b Sism 25T 35,5 (6t al., 2019
slie G ras Sogll o) soes g 009 dgame  Sowelis]
;o (Wang et al., 2016) il oo S5 g 51 (ol
2 sl @ alyy, e Grae &b 5l skSLe b
TNV g YD S5 a0 pe 5 05 O 039 PSS
Wang et al., ) sgdse o )ly Seges 5l 055,500
Sigu ol cdale 4 (EDIY) 4l (639, cpeess (2017

B S NCIST =S S IR SRS PEESIE
B a0 b loSg 51 (Azanuetal., 2018) s s S
45L$"L> “)')BMCSQ uLM.o.)‘ 009) 9 odxo 0)‘5 m}}ﬂ uL?uJ.M.u
s> sms S Sk g Ve b A Lo
Adaie g 2SU cpl 5las 00 .(Jernberg et al., 2010)
4 e Lm_i..,}usui i g lows 5 pa0 4l g
03g) ole Gl Sh S5 et 5 (S5 G
4 oaiy] ,o a5 (Perez-Cobas et al., 2012) wgds o

aib oo i8S LSS g Bl 4 pglie slas 2SL & )50
5 (Andersson & Hughes, 2011; Jernberg et al., 2010)
o3l 4 i g aiile oo (B Ll 00g, o b L
Sl o MLl old 5o 5 1555l 5 pae slas ST
Ol js g slodgy ST (5 005, blre 0,5 o5z
Jio pol> Ll iy 9 gl oo (Damman et al., 2012)
e BB et slos)lon S5 omie o 5l i 2S5
5 O3l 5 b ps o gomsg) colgsrinl e DT i
.(Dein & Elhearon, 2010) w5 o Sye coles o
b Ssgm Bl 3955 2)lse 5l 3 (sie! i ,5 S5
(Cho et al., 2012; Cox et al., 2014) ol oy a
sbml el rwliSglig i ohg a0 layglginSy)eld
9 o &J))J—‘ LngJ"'Sls 9 ?_b.o...u‘ ‘&3’@{5 5JLQ,»J‘ 59)0).....:
sl ol b alex 5l o (5)lss YU bs slaclals s
- oo odalin oS o T 38, YU g oS ol @S
s (e BS540 51 (Bajpai et al., 2012) a5 5
Sgdgo el ,3 UTE) ()0l (sylme cigie 4

1 The estimated daily intake
2. Urinary Tract Infection



S s T Ll

3yl 5 y5ebo g pls Canio 1 L Sg 25T drg o e (Houetal., 2015) ceul onis aglie JT slooasy¥VT g5l
& e (§5)skiS (L2l )0 055 (lgis 4 Slge> DY g8 —anie oog S b bl 650kl Sy et )
LS 0 0500 S Lze 4 bSTgn Sl 0555 Syge by, O E95 5 Sylese 5 sl sl
5 @lord (Spd Sld s (Ssm Sl bl Slge @y 53 edle aberd slagly, ol oslinu
Ot @S g odx Weboe 63k (Sglsn oS 00 )5 adsi ool ol )l sl (oo g leend
MBb oo ST g B Sedigi p 00l (et slaoial B Iy wleier r9p8 1) 02 @ Sl I ool
PPV W -  ESp T PRI g P WO T JE- R BOL Y 30 Cage ol b o 4 e Ol ST
SORCLHC T XV I NPT PSTCH B Lo b 65k a8 520 a5 b plal oo e
556 ol e e sl )5iSE 5 035 £9ie jlomm Coyewd )3 g Saaed ol sl Q3 sl eslanal 5 e
polie oSy Ll 3 )3 loeanslSlg Se 5135 o Sl aid)S 18 oje> opl pladee JLdiwl )5
arol> o, Slas 4 ;0 Wgyee o I L g WSS e cudyb JJs a4 Jké S (Doltabadi et al., 2016)
0,99 Jsb )0 (2); QLS oo jesd S (29,5 Syse aial Gloald 5l 6 ks jo Vb plenily 5 Qi
sl 5 08 o i |y laSge T cblay 955 o3, sl W )] sl l 5 adgs a3 s 0,65 oo 5,5 ooliciul
Gial33l & e 5 00t 008)T ¥ guame (] B yan 3 ,b | Glo s, 5l CevseaS ail,é (Doltabadi et al., 2016)
5T Caglin 39 g 158, lew slas xSL 355 ARG Lo by )85 g oolazdl o STy, ST g 03g) i s 250!
L Sga Bl ply o Caglie 03,5 o0 (o )0 (Sa Selvam et al., ) ool oo ST 5] a5 50 Con
e Col 5 Sl cdle ln gor oy S o0 5 )b g0 p2l; ()38 il ju il 430 (2012
31 E anl l Bl 5 S I 09d (o0 gene Sl 9, onl glacaze SIVL plesdly 5 Lol sl
S Jodo 4y . abl oo (59,0 jlws gy Lao 4 0959 o)l eolaiwl sl slo Jle 4o (Naddafi et al., 2015)
B el b en T Bl S Sl o oS Y58 13 ST 5T Bl g 4y gz sy
28,5 bl els slasgS (5,618 5 oy slaosld (Youngquist et al., 2014) ceol 009y yiol33l g, 2 5

oolaiwl ae) ;o p3Y Sleladl 00 )5 o Slpiien (prizxen

& .t
gl ot & oSiges T 51 ilaie 5 G5 A

References

Amorim C.L., Moreira 1.S., Maia A.S., Tiritan M.E., and Castro P.M.L. 2014. Biodegradation of
ofloxacin, norfloxacin, and ciprofloxacin as single and mixed substrates by Labrys portucalensis F11.
Applied Microbiology and Biotechnology, 98: 3181-3190.

Andersson D.1., and Hughes D. 2011. Persistence of antibiotic resistance in bacterial populations. FEMS
Microbiology Reviews, 35: 901-911.

Azanu D., Styrishave B., Darko G., Weisser J.J., and Abaidoo R.C. 2018. Occurrence and risk assessment
of antibiotics in water and lettuce in Ghana. Science of the Total Environment, 623: 293-305.

Bajpai S.K., Bajpai M., and Rai N. 2012. Sorptive removal of ciprofloxacin hydrochloride from
simulated wastewater using sawdust: Kinetic study and effect of pH. Water SA, 38(5): 673-82.

Bautitz I.R., and Nogueira R.F. 2007. Degradation of tetracycline by photo-Fenton process solar
irradiation and matrix effects. Journal of Photochemistry and Photobiology A: Chemistry, 187(1): 33-
39.

Ben Y., Fu C., Hu M., Liu L., Wong M.H., and Zhang C. 2019. Human health risk assessment of
antibiotic resistance associated with antibiotic residues in the environment: A review. Environmental
Research, 169: 483-493.

4



VEY Sl o) oyled )Y al> S 60,8 Clides

Blaser M.J. 2016. Antibiotic use and its consequences for the normal microbiome. Science, 352: 544—
545.

Bouki C., Venieri D., and Diamadopoulos E. 2013. Detection and fate of antibiotic resistant bacteria in
wastewater treatment plants: a review. Ecotoxicology and Environmental Safety, 91: 1-9.

Brandt K.K., Amezquita A., Backhaus T., Boxall A., Coors A., Heberer T, et al. 2015. Ecotoxicological
assessment of antibiotics: a call for improved consideration of microorganisms. Environment
International, 85: 189-205.

Carter L.J., Harris E., Williams M., Ryan J.J., Kookana R.S., and Boxall A.B. 2014. Fate and uptake of
pharmaceuticals in soil-plant systems. Journal of Agricultural and Food Chemistry, 62: 5955-5963.

Chen Y.S., Zhang H.B., Luo Y.M., and Song J. 2012. Occurrence and assessment of veterinary
antibiotics in swine manures: a case study in East China. Chinese Science Bulletin, 57: 606-614.

Cho 1., and Blaser M.J. 2012. The human microbiome: at the interface of health and disease. Nature
Reviews Genetics, 13: 260.

Cox L.M., Yamanishi S., Sohn J., Alekseyenko A.V., Leung J.M., Cho I., et al. 2014. Altering the
intestinal microbiota during a critical developmental window has lasting metabolic consequences.
Journal of Cell, 158: 705-721.

CuiH.,Wang S.P., FuJ., Zhou Z.Q., Zhang N., and Guo L. 2014. Influence of ciprofloxacin on microbial
community structure and function in soils. Biol. Soil Fertility, 50: 939-947.

Cycon M., Mrozik A., and Piotrowska-Seget Z. 2019. Antibiotics in the Soil Environment-Degradation
and Their Impact on Microbial Activity and Diversity. Frontiers of Microbiologt, 338 (10): 1-45.
Damman C.J., Miller S.1., Surawicz C.M., and Zisman T.L. 2012. The microbiome and inflammatory
bowel disease: is there a therapeutic role for fecal microbiota transplantation? American Journal of

Gastroenterology, 107: 1452,

Dein A.K., and Elhearon E.R. 2010. Antibiotic residue in eggs of laying hens following injection with
gentamicin. New York Science Journal, 3(11): 135-140.

Ding C., and He J., 2010. Effect of antibiotics in the environment on microbial populations. Applied
Microbiology and Biotechnology, 87(3): 925-941.

Dolar D., Vukovi¢ A., Asperger D., and Kosuti¢ K. 2011. Effect of water matrices on removal of
veterinary pharmaceuticals by nanofiltration and reverse osmosis membranes. Journal of
Environmental Sciences, 23(8): 1299-307.

Dolliver H., Kumar K., and Gupta S. 2007. Sulfamethazine uptake by plants from manure-amended soil.
Journal of Environmental Quality, 36: 1224,

Doltabadi M., Alidadi H., and Davoudi M. 2016. Comparative study of cationic and anionic dye removal
from aqueous solutions using sawdust- based adsorbent. Environmental Progress & Sustainable
Energy, 35(4): 1078-90.

Duan M., LiH., GulJ., Tuo X., Sun W., Qian X, et al. 2017. Effects of biochar on reducing the abundance
of oxytetracycline, antibiotic resistance genes, and human pathogenic bacteria in soil and lettuce.
Environmental Pollution, 224: 787-795.

Elmolla E.S., and Chaudhuri M. 2010. Degradation of amoxicillin, ampicillin and cloxacillin antibiotics
in agueous solution by the UV/ZnO photocatalytic process. Journal of Hazardous Materials, 173(1):
445-49.

Githinji LJ., Musey M.K., and Ankumah R.O. 2011. Evaluation of the fate of ciprofloxacin and
amoxicillin in domestic wastewater. Water, Air, & Soil Pollution, 219(1-4): 191-201.

Hamscher G., Sczesny S., Hoper H., and Nau H. 2002. Determination of persistent tetracycline residues
in soil fertilized with liquid manure by highperformance liquid chromatography with electrospray
ionization tandem mass spectrometry. Analytical Chemistry, 74: 1509-1518.

A



S s T Ll

Hou J., Wan W., Mao D., Wang C., Mu Q., Qin S., et al. 2015. Occurrence and distribution of
sulfonamides, tetracyclines, quinolones, macrolides, and nitrofurans in livestock manure and
amended soils of Northern China. Environ. Environmental Science and Pollution Research, 22:
4545-4554.

Hu X., Zhou Q., and Luo Y. 2010. Occurrence and source analysis of typical veterinary antibiotics in
manure, soil, vegetables and groundwater from organic vegetable bases, northern China.
Environmental Pollution, 158: 2992-2998.

Hu S., Zhang Y., Shen G., Zhang H., Yuan Z., and Zhang W. 2019. Adsorption/desorption behavior and
mechanisms of sulfadiazine and sulfamethoxazole in agricultural soil systems. Soil and Tillage
Research, 186: 233-241.

Jeong J., Song W., Cooper W.J., Jung J., and Greaves J. 2010. Degradation of tetracycline antibiotics:
mechanisms and Kinetic studies for advanced oxidation/reduction processes. Chemosphere, 78(5):
533-40.

Jernberg C., Lofmark S., Edlund C., and Jansson J.K. 2010. Long-term impacts of antibiotic exposure
on the human intestinal microbiota. Microbiology, 156: 3216-3223.

Kay P., Blackwell P.A., and Boxall A.B. 2004. Fate of veterinary antibiotics in a macroporous tile
drained clay soil. Environ. Environmental Toxicology and Chemistry, 23: 1136-1143.

Kim D.W., Heinze T.M., Kim B.S., Schnackenberg L.K., Woodling K.A., and Sutherland J.B. 2011.
Modification of norfloxacin by a Microbacterium sp. strain isolated from a wastewater treatment
plant. Appl. Environmental Microbiology, 77: 6100-6108.

Klein E.Y., Van-Boeckel T.P., Martinez E.M., Pant S., Gandra S., Levin S.A,, et al. 2018. Global
increase and geographic convergence in antibiotic consumption between 2000 and 2015. National
Academy of Sciences, 115: 3463 3479.

Kumar K., Gupta S.C., Baidoo S.K., Chander Y., and Rosen C.J. 2005. Antibiotic uptake by plants from
soil fertilized with animal manure. Journal of Environmental Quality, 34 (6): 2082—-2085.

Kummerer K., 2009. Antibiotics in the aquatic environment-a review. Part, I. Chemosphere, 75: 417—
434.

Leng Y., Bao J., Chang G., Zheng H., Li X., Du J., et al. Y+ Y1 . Biotransformation of tetracycline by a
novel bacterial strain Stenotrophomonas maltophilia DT1. Journal of Hazardous Materials, 318:
125-133.

Li L.L., Huang L.D., Chung R.S., Fok K.H., and Zhang Y.S. 2010. Sorption and dissipation of
tetracyclines in soils and compost. Pedosphere, 20: 807-816.

Li X.W., Xie Y.F.,, Li L.C., Zhao H.N., Zhao H., Wang N., et al. 2014. Investigation of residual
fluoroquinolones in a soil-vegetable system in an intensive vegetable cultivation area in Northern
Cina. Since of the Total Environment, 469: 258-264.

LiuF., Ying G.G,, Tao R., Zhao J.L., Yang J.F., and Zhao L.F. 2009. Effects of six selected antibiotics
on plant growth and soil microbial and enzymatic activities. Environmental Pollution, 157: 1636—
1642.

Liu B., Li Y., Zhang X., Wang J., and Gao M. 2015. Effects of chlortetracycline on soil microbial
communities: comparisons of enzyme activities to the functional diversity via Biolog EcoPlatesTM.
European Journal of Soil Biology, 68: 69-76.

Ma T., Pan X., Chen L., Liu W., Christie P., Luo Y., et al. 2016. Effects of different concentrations and
application frequencies of oxytetracycline on soil enzyme activities and microbial community
diversity. Eur. European Journal of Soil Biology, 76: 53-60.

Mariusz C., Agnieszka M., and Zofia P. 2019. Antibiotics in the soil environment-degradation and their
impact on microbial activity and diversity. Journal of Frontiers in Microbiology, 338(10): 1-45.
Martinez-Carballo E., Gonzalez-Barreiro C., Scharf S., and Gans O. 2007 .Environmental monitoring
study of selected veterinary antibiotics in animal manure and soils in Austria. Environmental

Pollution, 148: 570-579.

Martinez-Hernandez V., Meffe R., Herrera Lopez S., Bustamante I. 2016. The role of sorption and

biodegradation in the removal of acetaminophen, carbamazepine, caffeine, naproxen and

£4



VEY Sl o) oyled )Y al> S 60,8 Clides

sulfamethoxazole during soil contact: a kinetics study. Science of the Total Environment, 559: 232-241.

Marx M.C., Kandeler E., Wood M., Wermbter N., and Jarvis S.C. 2005. Exploring the enzymatic
landscape: distribution and kinetics of hydrolytic enzymes in soil particle-size fractions. Soil Biology
and Biochemistry, 37: 35-48.

Migliorea L., Fiori M., Spadonia A., and Galli E. 2012. Biodegradation of oxytetracycline by Pleurotus
ostreatus mycelium: a mycoremediation technique. Journal of Hazardous Materials, 215: 227 232.

Mijangos I., Becerril J.E.M., Albizu 1., Epelde L., and Garbisu C. 2009. Effects of glyphosate on
rhizosphere soil microbial communities under two different plant compositions by cultivation-
dependent and-independent methodologies. Soil Biology and Biochemistry, 41: 505-513.

Mitchell S.M., Ullman J.L., Teel A.L., and Watts R.J. 2015. Hydrolysis of amphenicol and macrolide
antibiotics: chloramphenicol, florfenicol, spiramycin, and tylosin. Chemosphere, 134: 504-511.

Molaei A., Lakzian A., Haghnia G., Astaraei A., Rasouli-Sadaghiani M.H., and Ceccherini M.T. 2017.
Effects of Oxytetracycline (OTC) and Sulfamethoxazole (SMX) Antibiotics on Potential Nitrification
and Alkaline Phosphatase and Urease Activities in a Calcareous Soil. Application Research of soil,
6(2): 1-14

Mulla S.1., Hu A., Sun Q., Li J., Suanon F., Ashfaq M., et al . 2018. Biodegradation of sulfamethoxazole
in bacteria from three different origins. Journal of Environmental Management, 206: 93-102.

Naddafi K., Nabizadeh R., Nasseri S., Yaghmaeian K., Koolivand A. 2015. Efficiency of in-vessel
composting process in removal of petroleum hydrocarbons from bottom sludge of crude oil storage
tanks. Iranian Journal of Health and Environment, 8(3): 263-74.

Pan M., and Chu L.M. 2017. Leaching behavior of veterinary antibiotics in animal manure-applied soils.
Science of the Total Environment, 579: 466—473.

Perez-Cobas A.E., Gosalbes M.J., Friedrichs A., Knecht H., Artacho A., Eismann K., et al. 2012. Gut
microbiota disturbance during antibiotic therapy: a multi-omic approach. Gut, 62: 1591-1601.

Pinna M.V., Castaldi P., Deiana P., and Pusino A. 2012. Sorption behavior of sulfamethazine on
unamended and manure-amended soils and short-term impact on soil microbial community.
Ecotoxicology and Environmental Safety, 84: 234-242.

Pruden A., Pei R., Storteboom H., and Carlson K.H. 2006. Antibiotic resistance genes as emerging
contaminants: studies in northern Colorado. Environmental Science & Technology, 40: 7445-7450.

Rosendahl I., Siemens J., Kindler R., Groeneweg J., Zimmermann J., Czerwinski S., et al. 2012.
Persistence of the fluoroquinolone antibiotic difloxacin in soil and lacking effects on nitrogen
turnover. Journal of Environmental Quality, 41: 1275-1283.

Sadeghi A., Dolatabadi M., Asadzadeh S., and Jamali Behnam F. 2015. Ability of the yeast
Saccharomyeces cerevisiae for biological removal of ciprofloxacin antibiotic in aqueous solution.
Journal of North Khorasan University of Medical Sciences, 7(1): 71-79 (In Persian).

Schloter M., Dilly O., and Munch J.C. 2003. Indicators for evaluating soil quality. Agriculture
Ecosystems and Environment, 98: 255-262.

Selvam A., Zhao Z., and Wong J.W. 2012. Composting of swine manure spiked with sulfadiazine,
chlortetracycline and ciprofloxacin. Bioresource Technology, 126: 412-7.

Shemer H., Kunukcu Y.K., and Linden K.G. 2006. Degradation of the pharmaceutical metronidazole
UV, Fenton and Photo-Fenton processes. Chemosphere, 63(2): 269-76.

Srinivasan P., and Sarmah A.K. 2014. Dissipation of sulfamethoxazole in pasture soils as affected by
soil and environmental factors. Science of the Total Environment, 284-291.

Tagoe D., and Attah C. 2010. A study of antibiotic use and abuse in Ghana: a case study of the Cape
Coast Metropolis. The Internet Journal of Health, 11(2): 1-6.

Tasho R.P., and Cho Y.J. 2016. Veterinary antibiotics in animal waste, its distribution in soil and uptake
by plants: A review. Science of the Total Environment, 366-376.



S s T Ll

Thiele-Bruhn S. 2005. Microbial inhibition by pharmaceutical antibiotics in different soils - Dose-
response relations determined with the iron(lll) reduction test. Environmental Toxicology and
Chemistry, 24: 869-876.

Topp E., Chapman R., Devers-Lamrani M., Hartmann A., Marti R., Martin- Laurent F., et al. 2013.
Accelerated biodegradation of veterinary antibiotics in agricultural soil following long-term
exposure, and isolation of a sulfamethazinedegrading microbacterium sp. Journal of Environmental
Quality, 42: 173-178.

Toth J.D., Feng Y., and Dou Z. 2011. Veterinary antibiotics at environmentally relevant concentrations
inhibit soil iron reduction and nitrification. Soil Biology and Biochemistry, 43: 2470-2472.

Urraa J., Alkortab I., Lanzéna A., Mijangosa I., and Garbisua C. 2018. The application of fresh and
composted horse and chicken manure affects soil quality, microbial composition and antibiotic
resistance. Applied Soil Ecology, 644: 1-12.

Wang S., and Zhou N. 2016. Removal of carbamazepine from aqueous solution using sono-activated
persulfate process. Ultrason Sonochem, 29: 156-162.

Wei X., Wu S.C., Nie X.P., Yediler A., and Wong M.H. 2009. The effects of residual tetracycline on
soil enzymatic activities and plant growth. Journal of Environmental Science and Health, 44: 461—
471.

Wen X., Wang Y., Zou Y., Ma B., and Wu Y. 2018. No evidential correlation between veterinary
antibiotic degradation ability and resistance genes in microorganisms during the biodegradation of
doxycycline. Ecotoxicology and Environmental Safety, 147: 759-766.

Wu X.L., Xiang L., Yan Q.Y., Jiang Y.N., Li Y.W., Huang X.P., et al. 2014. Distribution and risk
assessment of quinolone antibiotics in the soils from organic vegetable farms of a subtropical city,
Southern China. Science of the Total Environment, 487: 399-406.

Xie W.Y., Shen Q., and Zhao F.J. 2018. Antibiotics and antibiotic resistance from animal ma- nures to
soil: a review. Eur. Journal of Soil Science, 69: 181-195.

Xu Y., YuW., MaQ., Wang J., Zhou H., and Jiang C. 2016. The combined effect of sulfadiazine and
copper on soil microbial activity and community structure. Ecotoxicology and Environmental Safety,
134: 43-52.

Yang Q., Zhang J., Zhu K., and Zhang H. 2009. Influence of oxytetracycline on the structure and activity
of microbial community in wheat rhizosphere soil. Journal of Environmental Sciences, 21: 954-959.

Youngquist C.P., Liu J., Orfe L.H., Jones S.S., and Call D.R. 2014. Ciprofloxacin residues in municipal
biosolid compost do not selectively enrich populations of resistant bacteria. Applied and
Environmental Microbiology, 80(24): 7521-26.

Zhang H., Liu P, Feng Y., and Yang F. 2013. Fate of antibiotics during wastewater treatment and
antibiotic distribution in the effluent-receiving waters of the Yellow Sea, northern China. Marine
Pollution Bulletin, 73(1): 282-90.

Zhang Q., and Dick W.A. 2014. Growth of soil bacteria, on penicillin and neomycin, not previously
exposed to these antibiotics. Science of the Total Environment, 493: 445-453.

Zhang H., Zhou Y., Huang Y., Wu L., Liu X., and Luo Y. 2016. Residues and risks of veterinary
antibiotics in protected vegetable soils following application of different manures. Chemosphere, 152:
229-237.

Zhao L., Dong Y.H., and Wang H. 2010. Residues of veterinary antibiotics in manures from feedlot
livestock in eight provinces of China. Science of the Total Environment, 408: 1069-1075.

Zhou LJ., Ying G.G., Liu S., Zhang R.Q., Lai H.J., Chen Z.F., et al. 2013. Excretion masses and
environmental occurrence of antibiotics in typical swine and dairy cattle farms in China. Science of
the Total Environment, 444: 183-195.

\A



\f’Y)LQ).s\ O)Lo..':;s\\».\l? JL’>‘_§¢)J)15U .
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Abstract

Antibiotics play a key role in the management of infectious diseases in humans and animals all over the
world. Because the majority of antibiotics are not completely metabolized in the bodies of humans and
animals, a high percentage of administered drugs is discharged into water and soil, thus it is known as
environmentally stable organic pollutants. Based on inherent stability to degradation, antibiotics have
the large range of half-lives in soil, between <1 day and 10 years. The physiochemical properties of
antibiotics, soil type and climatic factors (temperature, humidity, etc.) affect the degradation of
antibiotics. The remainder of these compounds, as antimicrobial agents have negative effects on soil
microbial communities and, in turn, on soil health. Finally, antibiotics can be entered to the food chain
through their uptake by crops and lead to antibiotic resistance in humans. However, many ambiguous
results indicate that precise assessment of the fate of antibiotics and the estimation of risk of human
health due to antibiotic resistance is a great challenge. In this paper, the fate of antibiotics in soil (sorption
and degradation), their impact on soil microbial community function, uptake by plants and the impact
on human food security are reviewed.
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