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Antibiotics in environmental matrices and their effects on microbial ecosystems
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2 Graduate University of Chinese Academy of Sciences, Betjing 100049, China

Abstract: The potential risks of antibiotics in the environment have been increasingly recognized in their influence on
ecosystem stability (directly affecting the microbial ecosystem) and human health. Abtibiotics occur at a trace level (micro-
pollution) in environmental matrices such as waste water, surface water, groundwater, sediments and soils. Although they
were initially used against microbial infections of humans and domestic animals, antibiotics are now widely used as growth
promoters in agricultural production (e. g. poultry, livestock, and fish farming). Given the overuse or misuse for non-
therapeutic purposes, in particularly with the rapid increase in food animal production, the types and concentrations of
antibiotics in environmental matrices have dramatically increased. This review summarizes our knowledge of antibiotic
sources and residual concentrations in the environment (water, soil, and sediment) and their adverse effects on microbial
communities and functions. Antibiotics are released into the environment after uses in human and veterinary medical
treatments and in animal husbandry and fish farming, and via applications of contaminated manures or slurry as fertilizers to
agriculture soils. Six groups of massively produced antibiotics have been detected in environmental matrices (especially in
urban sediment, water, and sludge) , including macrolides, fluoroquinolones, sulfonamides, tetracyclines, penicillins, and
others (like trimethoprim). Residual concentrations of antibiotics vary with environmental matrix type: with trace level
found in surface water ( wg/L), levels at pg/kg in soils, and higher concentrations ranging from pg/kg to mg/kg in
sediments. Residual concentrations of antibiotics in sediments depend on type, discharge amount, sediment properties, and
other environmental factors. Antibiotics are redistributed in the environment matrices via processes of sorption-desorption,

transport, and degradation, etc. Environmental factors, such as clay content, organic matter, and iron oxides in soil and
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sediment, and pH, dissolved organic carbon (DOC) , and cations, have been found to influence movement of antibiotics in
environmental matrices. Degradation processes for environmental residual antibiotics include hydrolysis, photolysis, and
biodegradation. Biodegradation is a ubiquitous process for antibiotics degradation in environmental matrices while hydrolysis
is the typical process for antibiotics degradation in water. The movement and degradation processes of environmental residual
antibiotics are predominantly determined by the type of antibiotic, with multiple processes usually contributing to their
redistribution and degradation. Adverse effects of environmental residual antibiotics were revealed, including reducing
microbial bhiomass and activity, altering microbial community structure and diversity ( especially functional microbial
community, such as nitrifiers and denitrifiers) , changing microbially-mediated ecological processes ( such as nitrification
and denitrification ) , and inducing antibiotic resistant microbial community in contaminated environments. Antibiotic
resistance genes for tetracycline, chloramphenicol, vancomycin, erythromycin, sulfonamides, methicillin, and B-lactams
have been well studied in environmental matrices. Antibiotic resistant genes have also been identified in pathogens due to
long term overuse or misuse of antibiotics, such as the super bacteria ( MRSA), and have led to major public health
concerns. Further studies of the disturbances and influences of antibiotics on ecosystem functions and services (including
public human health) as well as effects of multiple contaminations of antibiotics with heavy metals and other organic
pollutants in environmental matrices are required. The type and chemical structure of antibiotics should be taken into
account for understanding their ecosystem disturbances while high-throughput quantitative analytical methods are under

development.

Key Words: antibiotics; environmental matrix; microbial response; microbial community; resistant genes
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Pt R T NSRS A0 T T R R OIATT |, P Bt R R R K R R A AR S ) A S 2k R Ol
BN AS N A I O NN B L L N B S R AW R A st 20 N[ B o b NG 1 5 =) & N & | BT
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AR, TS R RIGIR R RE R T Sh , S A | S A 4 % A K R B A5 A DG A BR B )
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B-MIBEMEIS BB R AT RPUAERSEDY . ARIBEN Fhdid: R 7=k R AE LR Tk Y A R B
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ZE P A BRI KRB hi A R A BRI Pk F 225 I e A il F A o A A4 v o R
SRR PA RAHEME A BEBE 5 KRG, KB KT AE R W T IA S pne/L,  HoAn, H i 5t — B2 e i K
HROREIN S 2R AE R RNV 3.6—101.0 e/ L, Bl MR 0. 4—12. 8 pe/L, A FVP A 0.2—7.6 pe/L, H
ATEEMENE0.6—7.6 wg/L, IR NEE0.6—6.7 pg/L7 . ML 15K B S PR i A 2 0 B SR R
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HFRRREZ—
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V57K AR KR 2 R K ) HR R T 30 2R R L RS R M T R R K AR e LB AR R K
FERIANERIS SR G T TR DS e A 28— e PR R R P9 V0 B A AR 1 T KBS 5 L AR b A28 3t vl A
T 8 sk Pl — P W 3 RS A S Ay i 2 R 28 A TR 3% U AR 5 Vs K Al AR i rp R A A T AR
TG 15K RO SR K 2 DK i A R A Rl 28 e 22 | Ve J3 th de oo 5 R e S o 2 227 3 Ak
G 0 S5 e, B e e PP el i e — Y ko e e PP SO DB R - R T R R
AR B A YU AR DU T G AR DR R SRR IR R A AR
F UK 7= IR XK AR GRRTGURR Y ) i 28 3 g 2 , DOR) 35 3R & B nl ik 285 mg/kg' ™,

HRPEAT BRIGAFFE R (8 1), AFFREEAN BP0 A: 2R BV 25 RAEK KR IR AR (pe/L) ;s 115
BREA ST — BN pe/ kg (FEMEAR FHI 38 S AR, AT IR B me/ke) s UURUIAR B S 2 hi A RE5H &=
FIABE AR I 22 30K, 38 H 7E wg/kg—mg/kg Z[H],
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Table 1 Reported concentrations of residual antibiotics in different environmental matrices

25 ik % EZ8 e JR T
Group of antibiotics Antibiotics Environmental matrix Concentration
KA HAEZE Macrolides £L8 % Erythromycin sk (200 0.62 pg/L
RTT TG e 12 43.0 pe/kg
ST T DR (22 125.6 pg/kg
% 4185 % Roxithromycin T K200 0.19 pg/L
SRR 26.5 ne/kg
STATERCIN IR ALY 105.0 pg/ke
A% Clarithromycin K200 0.19 pg/L
b IRC/ s 12.2 pg/kg
ST TR 22 6.8 pg/ke
FRI4 IS Fluoroquinolones AF P Ofloxacin J5 K Ab B ok (21 0.65 pg/L
TEIRTP B Norfloxacin 5 e ] 7k 126 0.09 pg/L
15 K AR 3 Ak 26 0.06 pg/L
TG AL B H K 26 0.03 pg/L
FI 9k 75 Y + 4 (23] 9.8 mg/kg
FF U Ciprofloxacin TE KAk 21 0.24 pg/L
SR SEE e 5.8 mg/kg
T2 Sulfonamides Tl iz — B M Sulfma-ethazine W S e 22 12.3 pg/kg
ST I DA (22 21.3 pe/kg
Al kiR 2 0.82 pg/kg
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B3]l HiER B R
Group of antibiotics Antibiotics Environmental matrix Concentration
Tl iz PP S Sulfam-ethoxazole Ja 7k 0] 0.48 pg/L

gl kiR 2 0.04—0. 15pg/kg
Fr 0 b i Y8 L 820.5 mg/kg

PUSF 2 Tetracyclines 182 Oxytetracycline K [20) 0.08 pg/L

T8 22 Penicillins B[S P Ak Amoxicillin E [ g 7k 126 0.09 pe/L
5K A BT kA 200 1.4 pe/L

HE Others H 4R & IE Trimethoprim sk 1200 0.12 pg/L
ST TR 22 34.6 pg/kg
FriiFh e [ 734.6 mg/kg
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fif R IR R B B 2R R B RE T 5 A BT AR R PU A R MR (& M B R BE ) MR T
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AR TFHEAVIEEY, AR R R EA 248 7 A Be A 19 &+ BN A L& W, 27 2 W h
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3 R S TS YR X BT AR R R R RE AR N < DUBR RS > KCER PR IS AN s T R 2K > il
T PR SR T IR R A B ORI B A i i S W R A L 5 RS A A AR R 1
FERTT, RIS NERAPUA R 5 A B A B BE A5 PR35 T W B VR R 55, T 7 A8 24 e 58 T e 3 1)
WP R SN T W R E AR 55 . Z T 25 B-IN NG bt A= 2 5 PRI A o W B R B9 0T 52 4
XD ST A 2 I 5 A A Bl o AT B, SR B H A R p R, A I I
FEAERR TR Tt T Ao/ R T 1 B ey, 1 R far P g 2 B 7 £ F oy 1 8 b 0 R 7 4 1, T 8-
P e A, XTI A AT AE 5857 L 54 R BHES 145 4 v Hu A i i B Ak 278 RS [ AR
A Bih Y B, HBA BN AR AEREEDY ) Fedn, DUBR R M T B2 AR R N BRSSPk R eI 4R
BT (Ca® Mg™ | Fe™ 5 AU ) I AW, i A SR R P AR e A7,

T ERNGURR Y LA KRS 107 Wy 6o Az 28 A0 W AT o (O B 25 S RIS B ) A2 B R i . DAUIR R Ny
1), pH FIES 55 B8 AR 16 1 £ B ARCRY - ok G A0 W BFFHE ) Ca™ T K A7 AR R S 2F T R X6 DU 0 2% 14 1% o6 e g D
558, 3 T J5 R J ) A1 i s 38 TR OB A7 i 7 2R AR R % DU A 28 ) W BFF , e HERRAR T 2k R bl ™ 2 Y
PO s A L SR VT RIER YT = A YN M X Al - SR 4% AR T R A B R A B A R R
HORRL S ARG 1 H S5 AHUR A S B S R ARG,

AR W) A HLB L o2 be A R AE ST Yy %) 3 B A5, Bo s R A R UTR A Hh 10 I B
EWIEILEVE SR, TR R0 A DL S 3 350 85 25 % W BT ol £ St AR 2 | I 52 o) R B 2% R i
B, B8 - AR B T2 WA WU DO A W BB AR 2R A R i D R e A R AR R R, UK
FE TR 22 A MUTCRT 5 W B 28 K038 A AR kP (B DU 3R 28 26 UL AR W 22 B A DL IS W 2R %A1 80% LA
PSR, R B R R RE pH RTER BE (R3S IR Y KA LT (DOM ) it 5 A T B AR R B
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HOWENE AR E DOM SHiAE RAESE WA 1 KA S0 B, AR 40 A4 28 A W B 1 v 5 DOML WUt 2E 28 11
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Rz TR R, e FEREE T IR AR R ) B R R AR RSP E R R RS A &R
T s AP 5 - 485k B PR R REBIE 28 R 2, A B A A o, R LA — a2 IR XU 7
2.2 [

PiAE R AR TP B T 38 o B - R B A B & A B B LASS , R ik ot AR R S b AR R Y
RffisAe, PrE ZAEIEEAN TR AT & AR K DA A ) R A S R A R L WIS R I, SRR v e A R R LA
Sl 3, A HErh E R A YRR, w3 R AR A 2 Y

A= R R R A b A R R A T B R AR, o U 25 bk S S5 R A E I OU D B E, (MYt R A Y
WA SR 7 LR R, Alexy %5 7E 28d 25 AT ASEARL 18 Rl Az A i S i e W, L se i Ak RN AR Y
R R, P N T R R 27 % , D B RN 7. 5% | TR i A X nae R R AR e J LI A
KRR AR R R MR RN C 2R, R, Pk R AR AR Z R B I Z i sgm, JLH
JE 37 R WO St AR A A A R P R P DR - T4 B A MLRN LS R o L IR i BT DT
R LI KR BE oA vk BE A A0 — e o TR S R B A R e, (R B 2 28 3 D e A 0 A it 1Y)
R

IR BT AR R BB 7 2, B- NG S KPR N RS A e G AN R R BE K M . o F 451
PE T HiAEREREN TP R, — A R B REN, 5 gkt (B4 Sehi A WA G KA, i
WEE IS ST R IR pH SRR ZOK M BN T, 5 &8 R | 5 R MU R (KK i 3 %
BEASE L K ARR R v pH 2 F N LT A B

[Fi i, s 2 R0 DU 3 28 268 B A 2R T R AR, P BB RSCR UL E T I BOR R B AR R
Be R F (AnEHEEK ) W m el R . Harxtdil 26k I N R i 5T 2 01, B e b A ROGRE g
Yy EAT R A M T RARSE

SR, TCILE MR il 2 AR A= Wy R gt R xsf 148 K DU SE A B R B P A R LB AR R 35
EEAEH R T A 2R 0 BB OO B AR P i BT e I ELs b I ) b K R R OK RS

ST A WA 2 2 0 PR 05 2 B 2 I 9 0 3 4 0k [ B PR b 0 5 A A L 4 05 e W d U E W 2B

T VRN R S5 T S BT — R LTS e B R S R G R Y (RETE SR R A S T
RE) (2 IR, AT LA i) Bzt S B 2 A2 o A S R G s e R E A 3R RBE S Y oY R AR

A H TS YV PR AR A L T FEERBE I A W 2R 38 2 8O0 B B S 9 T 0 i T AR R
TEEWIZ5Y) | fE EAERAE 1 HE ORI S5 A8 A it rp BE 88l A 40 sl ) R DG SR A AR A MU M B85
AP RE TR A AR Lo dn, BEA ST A R T RE S ) M A W 00 A AF R AR T R N A AR
A AR R A AR A W) AR A R U TSN 13T 3 AR M kA 2 i B A [ AR BE 0 55
3.1 BEYIREESTHY

Haller 55 & BUHUAE 2%+ 3 W (9 A5 A FLA R PR SE  8 J 2AS (A s o R g P e )
PUPR R (B R ) PULE FAM ] LA R R A T A I, i R S A W A R WD o, (H B fle o - S O A
P > Hammesfahr 4514t jIE S 185 W 5 Y S0 X - SRR WA 45 A0 A 00 T4 2 R P 1 0 355
i - SEAR bR/ ECBR LU T o, DUAR BTG Y A ERT IR S o v (ol A 0 26 o TR v 20 K 7 2 B2 W) T Lt 52 T
TS 5EB RGN DIREHEYRET , iS5 AR AL T A SRS AL T . Schauss 55 5T & IR
eI V5 Y S B FH s T 2 R AL R B S AR T D RE A ) EE R Z 4. Costanzo 4517 4R
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3.2 AT R ESIIRE

E BRI AR AL, R D) RERUE DI RF R I TH K, LB i E ) 1 AR S IR . Boleas 517 &
PRV PR R AR LR 1 mg/keg A RV 8k 25 4000 ] - 8 1 S 0 A8 T 6 P05 e, {8 TRV 2 8O0 YRt o it 0 4 S sz 4
il (EIDEIVE RS 2% o 35 P b DO B R A P Sk BE 2928 0.3 mg/ kg, T A JCHIF 5 3 WY DU 24 3R vk B 7E
0. 003—7. 35 mg/kg A3t I AE Witk ELAT S VR R 07 T i s e o - 98 3 J 75 P WL A R 1) 5 o i
1 R = B w31 0 1 N T S 5 A

PUE RXTIRE A O A i B T I E Y S 5 AR S EE AR KRG, Kong F7 &
IS E W BR IR A HI Z 1 ( Biolog® |, BUF HETS TIRELAENE ) B LR 3R B Ths & AR, T AR
06 B 0] B 4852 30y e J32 U B 2 2 A R ol 491 R v B AR AR 2 (0. 01 mg/kg 11 0. Img/kg) BRI
FIEEANE T ABTEHR R 1mg/ kg I Xof -3 A FH 7 A= ] 5 % A A P 8 80— 2 A sk 4 1T 5 T A
WSE N 10 mg/kg B SREUN G EIEASALAE R o e nT WL, bk RI5 4l i e HIERUE M S 5N E RS
PR At  RUE PR s B ), (H G A 25 3 R R X AN [ R B A 0T b oA W AR IS T Re S e A 1R i — 2D
B
3.3 FESPAMEN

A RAMEXT IR Y LR W BT A i S AR DGR S T Re ™ Ak s, 1 ELbiAE R eIl i)
FRAPIMERE R 3 ist KV U SRS MR TR 45 . BUR S HE AP S A R R SRR
FEVE  ZRETE R R = A AR A . Pruden 261 P A BE T 77 A O IR 1 A b 2 v 3 R
ST YY), WFITE G A T A: RO PR U W Bt 25 M I R R A5 T e B AR R PR 0N 1Y B R A
B B RS SRR SR P R R OB U P SR B A GRS b A
FNFRFE P K AT A B A BT AR 3R R i A PR BT 0 H SR A8, Xk B0 1 A ) AR B 5 Gl 2 W i it o e 2 12 s
I 8t E T Oy R R B A R B 225 BT R O A B ( Staphylococcus aureus %5 B4 AT 22
MBS e 26 2 g T KR TR S 3 b R B O it 1 45 Fh e 2 M SR I BE B kK B TR TS
K TURRY) T B V5 /KA BR 36 P15 U8 55 O PR BTk i A 75 e 1) E 2k I

®2 XHREMHRMEER

Table 2 Reported antibiotics resistant genes in environment

hiAR B2 5L A S ARG (¥ R EE A 5
Antibiotics Resistant Gene Detected environmental matrix
PU3FZE Tetracycline tet A, tet B, tet C, tet D FEIAE LS FIHL T K ) 5ok AL B IS T g [0S
tet B, tet H, tet Z WA Ak R Tk 1)
tet G, tet L, tet S, tet Y $E A 04 001 S fry 4 [67]
tet M, tet O, tet Q, tet W ot AR T AL 7/ LN GV 15 L I E S h Al
54%% 2 Chloramphenicol cat I, cat II, cat III, cat IV 3K 70
T i FEZE Vancomycin van A, van B oKk ARk
£I# R Erythromycin erm A, erm C, erm E L8] maRk b K K
erm B, erm I FIE N | 1 Heles]
TS Sulfonamides sul I, sul 1I U L]
H4 AR Methicillin mec A PR e K T
B-INBERZS B-Lactams bla OXA-B, bla CARB ] 1 7K 4 (74
bla SHV, bla TEM FRg A ) kR ) - geles]
amp C oK FR A AL

Mt A R R e A Y 6 208 T ERUKEIE R LR RS, e 53 R e R R p 3 I
FRAZIBA T, st fE 3 DNA A B2 2558 B SRl i s e S0, R s AUACARME . KPR
(horizontal gene transfer, HGT) , SCFRAMN 1] 3 PRI AL F% | 2 40 b BRI H B A0 B BRI 245 36 1), S A LR B 5 5 1)
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LN T, FEPUKFER AT REAF(E 4 FROLE], RIS N e 5 Fe Al 3R FER e E MRt HE . 565
JE )0 200 T 141 oy W R A R A0 24 B DR e A DU A1 S R S5 T 245 T8 Ak S R I 24 6 TR R A BURRRT (A N
FE A AN 8] 0 B AL i FeRZ P24 FOR DNA  ASCR]7E R R B 2 8] BEAT , At n] 75 Ja 18] AN R B =2 (e) A, de ot
Fe ity I T 52 O 2RI RE R A 7 o A DUt e 245 ik DR 50 40 7 ) 0% (0 A e o A 8 ks 1 7 52 1 1
L7 R

YA ZN T 25 TR AR A5 3 By L — 4 IR, AR RAE IR AT RS e b S )T 5 3R 85547
SH TIPS R AEIREE T AR e 3RS D ROZ A MR — B0, B i Ry
PRI AR IR TP RS AL RE AN B, AR s 524 i Bl O DS, AT SO 1 SRR WA v 2514
DRIt £ 2 300 SR AL AN B 8 IR FE M R AR (BT AE JR K | TSN TUR AN DUS R 25 PR DN 2, s 4t
ZYPEFE N A AL A BEAY , AT s 58 2 XK = SR A B 8 TR PR AR 2R A B R HA 2 M A )
&R B BOLH BRI AR JEBE " TR BREEHTAE 20 B0 A W O 5T ) BT 25 M DY 10 7 5 LA PR 5%
PGS [0 BOw A W % B R U AN SR A A B2 BT AE R RO 3 REEA T LA R e 2 v 4
P S R R T 5+ i bl
4 MRPEFENEERRE

PUPRZRIE IR NIES T R 2K R I 2 R B- DA Tt i 6 45 T R 2 T A 3R ) B 5 3% L AF 2 L 4R A JoT
Jet T HABUAE R R A AN PR ) R A 2 A A5 05 T S R A T TR RS, S AR A
WMo AT R PUE RSB ITTEA frit— RN

(1) A bt A RIS YR 2Rt R L EA PG ¥ (I E 48  PCBs \PAHs 25 ) JLA7 A9 &
AR HEAHGE R FTFE 2 DL AT A A ISR B, 20 AR PR A it ( SRR 308 v A I -
W SRS FIRESR (TR ) S5 0 s REBEAT T ST, Sk Z P R A 15 R BR T RUN TS JF BT E RIEA L
IR SRR A B IR AR i A S AW S S B ) A A8 6 R A T ifE— AP WE ST

(2) PUAE Z AT ol A ) A 25500 B B 58 22 B TR FE DT AR R U E W R0 | 9 B B R S i AR R
FEAR T E W A Y O M E MRS S5 LR R B E DT A o (EL 0 i = B0 A 32AR B P o (A B RE AT
ZE (A ZE K2 ) X RS R WU TR 2 K D BRI WU AT A A R P L B A 25 R e T RE A5 R W 1) L — P S L
PEALER T T BRI FT , Bt Az 2 AR 8 A 0 28 8 ) folc A W e v A A e I P T AL S 1o 0 R T

(3) AP HTEAR b FRBEHUAE 35k B vk BRI S 1) it et | DO AR A I 7 ik s R A RS, EA
[ A BRIFE A J5T 28 K BT A ZR TS 24 B AT AT IS o o B35 0 245 4 e DR ARG 7k B DT 5, X T 24 2l
Wy FOT 241 DR AR P58 A ) R A 25 RO S 5 U A T B R

(4) BUAT BT A 3R PR 22 R A1 A A5 R AL T 5T 1 ik > 22 JUBE AN 22 T2 UC (RIS R v AR 25 R 4245
AIBIFSE . WEINSRT AR BRI AE ST B TS O S U RIMEAL = P S &, LU S PRBE BT A 3Bk B
Y BRI AN A R A A 5 KU AT A R, S BT A SR PRI 2 AV A T OB FIPE A, St A= A A 2
LRI
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