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Environmental risks of antibiotics in soil and the related
bioremediation technologies
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Abstract: Antibiotics are widely used and prevalently distributed in the environment. The issue of antibiotic resistance

genes has posed a huge threat to the global public health. Soil is an important sink of antibiotics in the environment. Antibiotic
exposure may introduce adverse effects on soil organisms, and bring indirect but potential risks to human health. Therefore, it
is urgent to take actions to remediate antibiotics-contaminated soil. This review summarized effects of antibiotics on
phenotype growth of plants, physiological characteristics and community structure of animals, composition and structure of
microbial communities, and transmission of antibiotic resistance genes among organisms in soil. Additionally, the potential
and prospects of employing antibiotic-resistant soil plants, animals, microorganisms, and their combinations to treat
antibiotics-contaminated soil were illustrated. Last but not least, the unaddressed issues in this area were proposed, which may
provide insights into relevant research directions in the future.
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Table 1 The detected concentrations of antibiotics in soil in different countries

Income

level Country Categories Antibiotics (concentration, pug/kg)
High- USA Macrolides Tylosin (2.4), agricultural soil™;
income tylosin (32), agricultural soil™*®
countries Sulfonamides Sulfamethoxazole (6.2), sulfadimidine (36), dairy farm soil**;
sulfadimidine (72.6), agricultural soil*”?
Tetracyclines Tetracycline (105), oxytetracycline (25), dairy farm soil*®;
chlorotetracycline (63), agricultural soil'*®!;
oxytetracycline (9), tetracycline (10), field soil®";
chlorotetracycline (0.9), agricultural soil*"!
France Sulfonamides Sulfamethoxazole (2.5), soil receiving urban wastewater!?!;
sulfamethoxazole (18), subcatchment soil??;
sulfamethoxazole (nd), sulfadimidine (nd), agricultural soil’®®
Quinolones Norfloxacin (9.4), ciprofloxacin (8.7), ofloxacin (8.6) , agricultural soil'®®;
oxolinic acid (5.9), nalidixic acid (22.1), flumequine (6.9), soil receiving
urban wastewater(?!J
Tetracyclines Chlorotetracycline (nd), doxycycline (nd), agricultural soil’®®!
Italy Macrolides Tylosin (nd), calf manured soil¥
Quinolones Flumequine (77.7), agricultural soil®®®
Tetracyclines Oxytetracycline (7), calf manured soil’?*!
Germany Macrolides Tylosin (nd), agricultural soil?®!
Sulfonamides Sulfadimidine (2), livestock farm soil?:
4-hydroxysulfadiazine (2 300), sulfadiazine (5.8), agricultural soil'*®
Tetracyclines Tetracycline (198.7), chlorotetracycline (7.3), oxytetracycline (nd),
agricultural soil®®®’;
tetracycline (23.5), agricultural soil®®!;
tetracycline (295), chlorotetracycline (39), livestock farm soil?”?
Upper- Brazil Quinolones Enrofloxacin (46.4—6 138), ciprofloxacin (12.6—1 371), agricultural
middle- soil®);
income enrofloxacin (17.4-26.7), agricultural soil®®”
countries  Turkey Sulfonamides Sulfathiazole (nd—400), sulfamethoxazole (nd—110), agricultural soil!!

Quinolones
Tetracyclines

Enrofloxacin (nd—50), agricultural soil®"

Oxytetracycline (nd—500), chlorotetracycline (nd—100), agricultural
soilt®;

oxytetracycline (500), agricultural soil amended by poultry manuret®?

% : 010-64807509

(7520)
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(£i% 1)
Ir;gsg;e Country Categories Antibiotics (concentration, ng/kg)
Low- and India Quinolones Ciprofloxacin (3.8—1 900), norfloxacin (<11), ofloxacin (1.2-19), soil
lower- collected from villages®®
middle- China p-lactams Penicillin (nd—1 880), soil collected from cattle-producing areal®*!
incom(? Macrolides Spiramycin (0.02), tylosintartrate (0.003), anhydroerythromycin (0.06),
countries roxithromycin (0.05), urban surface soil’®;
erythromycin (nd), roxithromycin (nd-0.6), agricultural soil®®!
Sulfonamides Sulfamethoxazole (0.6), sulfapyridine (0.01), sulfamethazine (0.05),
sulfadiazine (0.3), sulfamonomethoxine (0.01), urban surface soil®®;
sulfadiazine (0.04-0.10), sulfadimidine (0.05—0.40), sulfametoxydiazine
(nd-0.08), sulfadimethoxine (nd 0.50), sulfamethoxazole (nd—0.06),
agricultural soil®®®’;
sulfadiazine (1.9-760.1), sulfamethazine (11.1-311.3), sulfadimidine
Low-and  China Sulfonamides (2.6-11.5), sulfamethoxazole (6.4-671.5) , urban soil®");
lower- sulfamethoxazole (0.03—0.9), sulfamethoxine (nd—9.1) , livestock farm
middle- soil and agricultural soil®!
income Quinolones Norfloxacin (94.6), ciprofloxacin (36.6), enrofloxacin (0.4), fleroxacin
countries (2.4), ofloxacin (6), lomefloxacin hydrochloride (2.3), sarafloxacin (0.2) ,

urban surface soil®®!:
norfloxacin (4.3—13), ciprofloxacin (2.9-23), enrofloxacin (6.3—47),

lomefloxacin hydrochloride (1.2—2.3) , agricultural soil

[36].

ofloxacin (0.6—1.6), pefloxacin (nd), ciprofloxacin (0.8—30.1) , livestock
farm soil and agricultural soil*®!

Tetracyclines

Tetracycline (2.6-5.2), oxytetracycline (13-80), chlortetracycline

(3.9-17) , agricultural soil®®;

oxytetracycline (17.6—1 398.5), tetracycline (29.5-976.2),
chlortetracycline (8.3—1 590.2), doxycycline (11.1-870.5) , urban soil®®"!;
oxytetracycline (124-2 683), tetracycline (2.5-105), chlortetracycline
(nd—1 079) , livestock farm soil and agricultural soil®®®

Notes: the countries listed are the largest consumers of human and animal antibiotics at high-income, upper-middle-income,

low- and lower-middle-income levels***2. “nd”: not detected.
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Fig. 1 The amount of studies that investigated or referred
environmental risks of antibiotics in soil. The keywords
used in Web of Science including soil (title) & antibiotic
(topic) & “environmental risk” (topic); soil (topic) &
antibiotic (topic) & “plant growth” (topic); soil (title) &
antibiotic (topic) & effect on organism (topic); soil (title)
& antibiotic (topic) & effect on microorganism (topic);
soil (title) & antibiotic resistance gene (topic). The
searching information (title, keywords, and abstract) used
in CNKI including soil & antibiotic & environmental risk;
soil & antibiotic & plant & effect; soil animal &
antibiotic & effect; soil & antibiotic & microorganism &
effect; soil & antibiotic resistance genes. Overlapped
studies that retrieved according to different terms have
been merged.
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str(B) LA K 445 i RL IR intl 1 (4 =5 B (A SE 36400
FLE A Fr BT, 7RSS 1 4F A9 [E) o =] ) 21 4]
G SR, MWK AR RI4EERE, K
MPTAERNHIE M 7 3 ARGs BY&t. Knapp
AU AR T i 2% 5 ALK B K T 68 4F it FH i
FEAL A TCALIE () 4 H - 8 FE 5 (1940-2008 4),
s 18 Fl ARGs MAHXTE ARk, 25K
i ARGs I=F FE R R s, JUHE IR R
ARGs {11 H 19704F % 2008 4F Ltk T 1552 £ .

ZhiERREZEG, LHEPRHEEYE ARGs
FESH AR, B MY ARGs
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IS A2 52 o [l P AR S5 %) 4 FH - it o 25
PrAERMZE 65d 5, TIEGUEY . ARS8 ik i
i 152 i ARGs B (A OKSF 5 B A Ak
#5500 mg/L BPUFRZE H 20 d J5, HAJEER
SrRIAG DU3RZE ARGS & intld K H B8 RS H s
WA EHEIE SRR ARGs 1] LU\ +HE3R I 6465
B AR BRI IE S, S HER
A 205 YL ) A S R R R BR SRR — Fh T A R T
138 ARGs &AMl > | ORI AR S
PrA &R M ARGs 15 A E—E B B3 1T A 8%
JFUR 2 MGES 3487 Az Tt 2451 1 JXUR: 90

3 MARTRLENENGEE

gy E R AR R AL, #E
H ATAF T sl i S bu A 205 Y LA 8 2 i 0 S
SCHRAY A 91 K5 (DL soil AR, antibiotic A
bioremediation & 3= 87 Web of Science H K2 1)
e SCHA P SCERER) s ARG By i SOk 19 5 (DA
T3 B RFAEWE R OCHETE CNKI
K2R 1 R SO T SRR , SR B B A 30 e
A S W9 i A T RIAR T B

31 HEYEE

HMEHE, HEPMHEYEE 29I
EEEMEZH G REEY, BOMR T XER
AR B 2B, O s
& hr A K5 G R A AL F 00 25 SE 5 By
Bro MR DR AE OB . MR R R R DL AT g A AT
A RRIRSERE A, WY TR EESBMEZIHRTY
8y e i)+ 3207 Michelini Z07L Kk 1 525
UESE T WA XA e 2P AR R R BRIE T, AT
Salix fragilis #2357 25 d N XF 620 mg/L YR i —
F AR R W Wil 27.4 mglg. BRI G, R
JT3¢ Brassica juncea Mt 225 mg/L MIUA %,
1A G KSR R SR AU 795877 0%, L
TFEMBEE WS, Cui SN R T S B
%5 Lolium multiflorum, %% 7 HxHi4k £ . ARGs
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MESRE SR HENBENCR . 2R EW,
BEX) 8 LA =5 Ye (35-432 pg/kg) B9t [A]
VERMAE X HLAE 281 22 BRASE R 5%-100%, FH# T
BRI TSR RN B R R T 2%-54%; (B VERIE
M, HYIRIA R ) BCF {HLL X ARGs [
ZBRBOCRAN L T PR A > $ s T 1.2-17.8 £
K 11%-23%. [RIFEEEM A RMESBEATS
Ye i -4, FA 3 58 2 TR 4 R AR B 1
"5t K Sedum plumbizincicola %} 11 Fidi Az K i5 4y
(0.6—12.7 pg/kg) =M+ HEEAT A 9 4 H A1
5, ST XA R 36%—76%I1 Bk .

RGNS R BR Y A B =il 255
TIERVERE, (ERE A8 S B Y S By AT 1T I
HHEL . SR RSB MRS G Y+
BB, KSR I S S50 A K — S
AN BIE S T A B A A TN sk sz
o7 FH Ao e AR P I X A SR AR A L e R A
1T BB 04 1038 DL e 5 LA AR W) 19 5 A S AN 1
SE PR 2 02 s PR 25T i 4 0 D 1 R I SR
TR ZAR B o PR, A AR SE BRI A
KEERE RIEFDMEE IR, 75 R B it R T A
Hiu /N ) A A8 2 2ok AR R TETIG 9 25 Ah e (BE DL
T 3.4 355

32 TIEHMEES

VE A Y e Ky R R Sy, sl B
RIEWIHE RS, HARET 9 B8 N & Sk
Py I S W A O s T 4 R FUA HL
(A5, ZEBHE . RAF) HREH LT
S LTI A T 4 R I 2 RO AR S A BTG Y
Mm&, AV RFERIE T s A R is e+
HEMME S RE T o PRD AR S R e 5] A % RS (R
JZFP) AR E B (Amynthas robustus, £ JZFl)
40 d X K& TG4 3ER 5 molkg PO 3F % 22 BR A%
RATHN R 26%F1 23% (B FIBR K G + e ) ; H
TEIEVE 3 v o6 DO BR 31 K BRACR51 h 64% 71
75% , FHAAS IS e ] ) 3 1 4 K R R 40 2

% : 010-64807509

T 37%71 500 A5 Hh i 48 g 3 A1 3
R[5 AT RSk DU PR 2R AR 1, FL i ] 5 9 o mp
TN -3 pH | THAE A LT . e HE IR Y)
X VU IR 2R R e A o 2RI, e Ml I S 25 i
E L IEHCE I R R R, TR BENER
B H 8. WFFERB, IR 2 PR 5 ) i i 1+
S W) B RO R A A 1 %) R B DA R X
B 2 R A 1O s T s A S R M R i
P Z2 R LU X g 2R R LA Qg 1 1
A 1100

AR e 148 A T A R g SRR B SR
eh, e g1 S R e M S B R A T
AR B &0 E BERDRE b A R i, Hn
TP P R R EEWEE 20T L molkg KF-.
AR, i) i AR B IE S 23 & A2 W 2k
%, {HI DNA Flliz i i AE Y o] fig 21l 2 1
e (40 2.2 F53prik). SR, H AT AR A HE
o e | 7SR AL PUAE R KBRRIRT, H A S Ehs
ZHUE R KR EE R
33 TIEWEMEE

HErc A ARZ5E Wik, 15l ZEe/Mm L+
33 55 ) Jo O e HE DA R SR D B 2RSS g i 2 A
PR 3R T G S e R LY, ) g g 2 T
AR H 5 00 S 42 fih 174 - 498 v 7 6 1 0 AT A L
F.WUARMERT R AERLT AT
Achromobacter xylosoxidans A #f &L 2§ #I FF B
Bacillus subtilis. M\ -3 i i i (% R fife 7 22 76 35
TR Z HP R 56 I v] 52 BT 4T A 2R R A
U Leng ZET2N 37 A Hh 75 1 HH O PR 2% A B
Stenotrophomonas maltophilia strain DT1, 4 d 4 7]
¥ 30 mo/L DU R 58 R FEA Y. SR,
A BT i A %) R T T R A
sRALBRPIAE R

Shi 23T 1 75 8 r 07 45 ] A it DU B 25
1% % 1y Arthrobacter nicotianae OTC-16, L\ 10%
(VIW) 1 b3 R 2] pH Sk 8.36 Bl 1t -4,

. cjb@im.ac.cn



3496 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

PSR T E R DL IR 2 BT A JE Glutamicibacter
A IR LA E , 7T 10 d P ABR 74%0
4 100 mo/kg i TFEE, BT AN G0 A 1
(X BEZH R BR AR = 46%, FLEEFEAR T 4
H ARGs WY FJE . A ik R A TR 78 1 338 b iy e 7
BOR, R HMCE IRALALR, Hong MR
R BN ZHL . MIMERE & . Sk, 54
ok itk S AT B UZE W PR D RN R TR A A,
MAEHE o) B g i L8 R AR 1A Burkholderia
cepacia 1 2 7F HiE#E I, H 30 d J5XF 100 mg/kg
TR ERRARIAF] 79%, BRI AR A
1R 19%;  BLAME I 6] 6 A I R R i DL A&
SRR pH S5 SR EE S T ALAL . Hirth
A CSVA S L T - 304 5 v 0 2 e TR
Jie — IR E 1) S BRAk R . MR NI Z A &R
() A4 L v i 3 A5 21 i Bl FE e E Y R A TR
Microbacterium sp. strain C448™°1 K7 {3 7% f it
WP RE, PR LR EAE 2-4 mm 9 FG L
ki b IF 8O L b AT E S (10 W% 50 g L),
49 d J5 R AL B S RERT 1 mglkg fif e — F g
A AL 53 5l 39%N 8%; 112 d J5 i 21 H AF
(12 i 35 g ) X 1 mg/kg ik iz — FF s e i 87 4k
Rk 51%, A 43% LU Al HEBE SR Y
EAMAEE L b, HAl, O LR
I8¢ it 1 LA 11 /N R A 9 8 T T e 3 e A 1
TECSUR A 1 305 52 791 3 TAURHS e 26 % U 3R 2% 2K 4
HERITEY

AP S —HE, B S A A T s o A
Bre i F F A 48 b Ak 25 BB AR RAD AR AEAR 2 AN
TEMRER, F BRI LE I TR £ 32 1 1l v o B
Joi, IR VR AR RE ) A R R AR A L
pH. &KZ . AR S UKL S L EMED A
ABOLTEA T R, SR IR i 4 v
FRfdE R e S Re ST, 4 W T 3 A
B B S A N S S B Y 7
BT T+ B 325 4 K i DA 1 O B 5 18] e 4 R R A i
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34 TEXYEKEEE
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HCHREME ) K7 P el A R SR 40, (] st i ]
AT AL 9 5 A 7 A 1 112w 1030 g
FERM, R AR LR ], AR
PRXTER (20 mg/kg) M E BRI R 57%, %
P8 JE VR FH 32 2 2 i T M 5 o0 2E T S e B4k
P BTT S MR R IR R, AT
HEBRTSCAE Wy B ik mi it . BB IR FNAG F AR IRZ M
PRUGCE I RE A E D PR BEE FRO0R . A T AR A
W36 0 5 L R A A e 40N
FEUESE, MY - A MY -15 3
Wil & Antibiotics
(£ Microbes

¢ ¢ Earthworm

Ryegrass

\"I‘a'/ Al 2
Vi

" - * 7 Exudates- y- i

e W - RO
v ;.?0,‘]__ g I‘\_>, \ '\__,\f)l’ .

B 2 TEAMAEZHEYEE (BFEEY. TiEw
. TEREMREKSEE. EUNLENYATE
EaRREMNES. AT ENBUEREZRES
e IR ME MR EM S S TR

Fig. 2 Bioremediation of antibiotics in soil utilizing
plants, soil animals, microbes and their combination.
Plants and soil animals are capable of altering the
compositions and functions of soil microbial
communities by releasing exudates and oxygen, and
changing physiochemical properties of soil, respectively.
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R fidk T LA K L 40 - R 40 PN A T P D3 T FH T A R
BELEPNESE . 28T RMEZEARNTE
e (1001231241 gl iy FefoA BE S 25 Lolium multiflorum

() - B R TS N 22 505 5 1 [ £ TR Acinetobacter sp.

(3.3x10° CFU/g) J&, Hoxf4-4h 50 mglkg tEH)
FFHAE 60 d N A IK 2 95%, AR T BRI S
HE (Y 88%) FIFEMETE (29 62%) *EER) 2Bk
g SR, H AR A BT A E A
BAEYBABE H B hUAE RIS, &
Frifk— W R TT .

4 REERE
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Wi LIRS RS, , B 2 AR o 2 B A F R i
EPIBEIE A B AR NS HLAE BRI TE S . 1L
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Prh ARGs Ry, A R AEZM, HAE
—EREE BRI T AR AL MGES 42 A4
MR 251k B AU . A= E 05 1, B 5T e ok
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FMAAAE— LR R ZAb . 1) L3P HiAE R XY
(RS TE 22 A ) R B AL PR AR, SR T
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R FE TR IG SEge 5 th gt . gl M
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DNA 45475 55 B0 REHIHE bRt e 8b o 1est,
B A & THi A 3R 2 8 X0 ML i1 52wl A 0F 90 32 A o
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B Bl ,  DRHAT B R A L3 P TR R TS
e ) 2 X A A R SR 18 TR AE XU
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