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ABSTRACT: In recent years, various antibiotic residuals in soils inevitably result in an increase and spread of resistance
microorganism and antibiotic resistance genes (ARGs), and lead to a series of soil ecological risks. As an emerging pollutant, the residual
level of ARGs in soils is actually much higher than we thought previously, thus the relevant studies are urgent to understand the
distribution level and spread of ARGs, and proceed for elimination technologies. In this paper, we firstly summarized the residual level of
antibiotics and ARGs in soils at home and abroad, and discussed the intrinsic driving force and mechanism of emergence and spread of
ARGs, and potential threat to ecological environment. In addition, we analyzed the factors that influencing the distribution and spread of
ARGs in soils, such as the residual concentration of antibiotics, soil physical and chemical properties, environmental conditions, and so
on. Then we further discussed the elimination techniques of ARGs, including high temperature, photocatalysis, microwave-
H,O,-microbial integrated-treatment technology, and proposed new methods, such as replaced active groups, changed the target position
and the permeability of efflux pump. Finally, this study highlighted the trends in controlling the residual abundance and ecological risks
of ARGs in soils.

Key words: Antibiotics; Antibiotic resistance genes; Soil; Ecological risk; Elimination technology

Chinese Library Classification(CLC): X53; R978.1 Document code: A

Article ID: 1673-6273(2015)09-1752-08

FTA R WL 8 Jrmi LA L H A DL PUER ER Bl T A R
NS N A5 A BT A 3R TE 58 BRI, Bl 2

PUAERELYH 2 IR R R 0] AR BRI, 24 25%-T5% BT AE R LIRHA L S MR TE
BA N, FESEE, RARHUAER MY 227 JimE, o SUREFEIRHE RS, AR AT, S rh DUBR R R PUAE R AR
17.8-70%#FH T & B IR0 16 EH2S 90 4540, KB A 70%1  WREENLFE D 0.1-46.0 mg/kg, 3P RIHTA RAVER B LA iz
PUERE LY TR, AR UA R B masm s, A LIS 9 b 4 % 3 5k B R R i ik 0.01-1.08
R T S a7 U e L AR TR S FRE mgke™. SAHUARZEGYRHEIY) LA HUILRH A2t

LIS

* R H  E K AARRERE ST (41371256) VLA Ei A AR EHERFSEH (13KIB610001)
YEHZ TR 2 R (1989-), 53 Wi+, FEWF5T Iy ] : TIERAEMBREOR , E-mail: yilyin@163.com
AGETRVEE 2R 1E, HL35: 025-86881534, E-mail : ytliang@jissas.ac.cn
(Wefi Hi9:2014-10-23 57 H:2014-11-08)



IREYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol15 NO.9 MAR.2015

< 1753 -

TA AR S AR 0 ] RE B P AR R O TEAE )
PRINFR R AR, ki SR AR A K, TR AR A7 7 —E 1Y
HERR XU o

X £ IR B A G FAT S b vk S R A 5 B KT B
ARSI , 2 B 3 - e AR W P A N A S T RE LA BN
AR RRE RS2 o E— 2 B A G A Il vk, D L S
F4 LR S D — s A B R S R B %

1 Gtk R 7R T S o By 53 A

11 ZERAEERNZBKTE

PiA: R A YR B T T AR R R R ) B SR R e
PRSP S B vk B AR B » I HLX AP IR 7 e Stk 2 v
FIRD TN 0N, S 7 AR 557K - 544 Kok Bk &)
AHDC, T AE N UE A o B SR A AR R W S
PUPERER F R, R sul2 R SHN AR SRR IE
AH(1=0.847 ), i tet(O) Al tet(W)Ik [K =F F 540 hy b Az 2 e
e N 7KK . Schwaiger 45 W24 A5 I 8 e 7 ] S e 3 1
FFRES (n=179) PP IdERL IR B BB, RILA 147 A FEfH ke
FER B SR  BE A PUERER AL 86% AR ST tet (M)
, 64% 4853 tet(L)BEH, 79457 tet(S), S% 45T tet(O)HEH , 1R
B S, P S R A 2R P R R T LR 2R ™R E R
TR R Y 55— RAR R R o SR, 2 A Bt L K]
AATRERE AMEAEAE , R Sl i — RIME s e it A L HEAF I
IR A R, 68 A AR Sk DR R i DR 2 B 32 AR 3R B R
Mo BRI 3R B8 2 8 B0 8 o T e
PRI F2 K, B, 7 BRI B & & S04 5 rh , DUBRER 2R
LT TG R BRI ) F2 B O 0 v T - e, PR BRI 7
PEAF DL K [ 9 4 1 2 TR =F B 3 L 43 33 R £ 9.0-9.7 .8.3-8 4,
8.1-8.4 LI % 6.3-9.4(log copies/g)'™M . 3@ ik AR TE S , 2%
5 S = B BT R AP S R SR S it — RIIEHE
PRI R IEA USRS HAB SRR A B, 1 it
FEDRITE T Y0 R ik A e 4 o

ZEME B HEFR R C 38 A ol 1% B 1l e v B e M SR TR Y
FRASIEE YRR A LS IS8R R+
Herh LR A RER , — TR L EDIE T X LG #e . 284RE
PUFR 2 i A (tetB, tetC, tetO L) % tetW ) 7E 25 [ P4 311
RN T ) - S r P R A ARG L | T3 S A 5 R A B A0 it A HILAE
A F gl & BT, DR, 25 S 2 b R R A v R
BERMRAR I 2347, HoA S RS AN R 4 A0
1.2 TERHAEENERBKERREERNS

T & & SR N b A BARMETE MR, KER ik
F VR S I 2NHEA 4, 38 i 1 AR R AR B R
B PR IE AR B IR A MU IS SR b, Al FH e
IR 0.4 mg/kg™, W& ZE R 0.24 mg/kg™, TN U0 £ (0.37-0.40
mg/kg), BV B (0.06-1.35 mg/kg)™, L) K + 75 % (0.50-2.68
mg/kg) "I YA . BT, BB RN AC &EiT
AR S A OKE R AT e i S 3 AR B A R P R R
5E4E, 3 BT ARS8 I h Ut S 0 7= A RO

e 3 R A A SRS B i R B A R R LY
G, AT, SR A IEPT I R B 22 S BRIAS I H . 451
e g AR BT RE 40 5, K tet(A),
tet(0), tet(W) L S tet(Z)J: PRI A4 Zopsr th ==, il e Stk

FEF (sul), PUFR 2 2Hi e LR (tet) , 21 25 ZHiM: 528 (erm) 25 A,
A BRI N Z K AIRES, Gl — RPN R BB
AR R BT R, PR R B AT W i e 2R+
B AR R, RO SO & 2R S R R SR
Rel 5 3 DU PR ZR S TN 2T 55 3R A A BRIl A Y v (o PRI 3 R
K, HAFR B HLERER tet F erm 35 PR 78 [X 4ok 4 P4 % B8
FIEPRINAERE 1, fE—LeERWHE A, LLandBEL, & E R
H, R mhir R FEBS T 7.0, LR T 8.5(log
copies/g)., M7E S}z A [ , A4 ot 5L R 19 5% B3 = B K
SEREARRHIGLE , 2R S R R P U A 4.3-7.2 Z (0],
TNl b X A S04 2R B PG 3B 45 PR [m] , L3
ANFBCPEILF IR B KT 5 E R e 22 -, 8-
PITERERGZE , 2B B2 L) G U IR R 2Tk S R 1 3% 8 =F B 43 )
1E 2.8-4.7,4.1-49 F1 4.4-53, T = &40 ¥ 3L A b 4> 51 LA
blaTEM, erm(F) il tet(Q)I) F= e ™, FEREAH, erm, tet B [H]
F B4 BIAE 5.9-7.3 F1 6.5-8.0, 443t tet(W)FN erm(V) [ E
FE o TAE A E B A tet S5 DRSS 22 AOAGI He |, e L tet
(O)FEREE =, M 8.9, 1M tetM)yF i Al A T 2.0%7, Bk, 1
B R A FBR F R R R 2 RN P S Y
PO T AIAT 40 D3 o0 Pk BRI 25 3 E P A B AL
SAE R AR B B 0 5 2 A RO s AR T T
A, IR T BT S Y IR E R BAT, B BUER T
iR RIS H O S Ba EIThUE R AR TUAE, g h i
FL PR B = A RS IR A AT UL R g, TR AR 2
Y75 AL e R A 06 . R SRR A e 2R
Sy R R AR iR AR IR A R BiER R
PERR R IR R . B, TP R s i 3R R Bk
B R G b M A B R R R R B B AR R A v

EZA England
otland

| 22212 T LTI LI PI LTI ISP A7

A4) (C) tet(D) tet(M) n(E) erm(B) ) erm(X)

Antibiotic resistance genes(ARGs)
| RETZEPHIERE tet 1 erm HFRE FEN>7

Fig. 1 The abundance of tet and erm genes in farmland soils
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Table 1 Properties of antibiotic and the residual level in soils

Medial lethal
Half-time Soil adsorption Residuals in soils
Antibiotics concentration(ECs) ) References
(d) coefficients (Koc) (mg/kg)
(mg/L)
Tetracycline 24.2-48 2.2 40000 0.02-0.9 [2,6,20,43]
Oxytetracycline 18-79 4.18 27792-93317 0.027-2.68 [9,44-48]
Ciprofloxacin 18.3-43.9 0.25 1127-61000 0.37-0.4 [6,19,20,45,49]
Norfloxacin 91.2 30.78 7800-15800 0.015-0.15 [5,13,50,51]
Enrofloxacin 10.2-180 0.173 16510-99980 0.02-0.06 [6-7,45,52]
Sulfadiazine 10-67 80-170 0.009-0.04 [5-6,53,54]
Trimethoprim 22-41 112 1680-3390 0.003-0.1 [6,13,55,56]
Sulfamethoxazole 12-18 13.7 37-125 0.091-0.48 [52,57,58]
Tylosin 3.3-8.1 0.95 128-7988 0.003-0.05 [59-61]

Penicillin 15-55 84.6 1.67 0.085 [2,13,61,62]
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