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(sulfonamides, SAs). 4D (fluoroquinolones, FQs). PUIFZEHK(tetracyclines, TCs)FIKIF MRS (macrolides, MLs)F% B4 i 448
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Occurrence Characteristics and Influencing Factors of Antibiotics in Soils of China: A Review
LIU Xinyu, ZHANG Jiangiang, HUANG Wen, XIAO Yufan, YANG Hongwei, HE Yang"
(Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: In recent years, antibiotic pollution has been becoming more and more serious in the environment. In this paper, the
occurrence characteristics of antibiotics in soils of China over the past decade were systematically reviewed, in which
sulfonamides, fluoroquinolones, tetracyclines and macrolides have high concentrations and significant differences in different
areas. The variations of residual antibiotics and pollution sources of the Beijing-Tianjin-Hebei, Yangtze River Delta and Pearl
River Delta areas in soils were compared and reviewed. The physicochemical properties of antibiotics and the effects of soil
properties, land use types and environmental conditions on antibiotic residues in soils were elucidated. The future directions and
emphases of research and development were put forward from two aspects of pollution mechanism and pollution investigation in
order to provide a reference for the mechanism exploration and control technology of soil antibiotics contamination.

Key words: Antibiotics; Soil; Occurrence characteristics; Influencing factors
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FAERAAE 21 T7 thiA &R, 2009 FH EBLA R
PARLIN 14.7 J7 t, 2013 AFEBEKF] 16.2 97 ¢ 1)) 4
DB, 2013 AFHUAE R HECR 297 5.38 71 t, Hirp 54%
W 2R R AR A IR, s B A3 I
Kt fbTAE A 36 Fl, Horb, WA HIEBTAE RE
Y 49, 55 it i 28 (sulfonamides , SAs) . 5 M i il 2
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1 TEFRERFKRERSESRRE

AR SERPUERNEH, DRIUER
APl W HETE R IR BE B AR R 3 Aok iR, Ho,
HHAPER BB SRR 52%, BVAEAN
FErh A R ide EEORIEY, P BRSOk
BEEHGEWE 1. HETESY R bR R
T 1989 4, FEMTEEIUR SMRIER, BNk
BE— % h 2.50%10° ~ 1.25%10° pg/kg™, i JLAFE ]
oA T A R LU SRR AR BT E, 2013 4R ULEY)
36 P E R A =50 92 700 t, Hoh B iR R A
R 84.3%, FiITE] 2030 4F, RSN A R
W LTE 30%!7), Bl ke kP A 3 A I 2
[, i T8 PR R IR, 30% ~ 90%
DA™ W 8 X 3 8 2508 FR M A -8, &
HFE g A U RO R RS B8
FEAEACHE S A R e R 2 —,
B RN AL RROAR S A0 Hh X A TG e 6 £, SR,
M 2016 4E R4, ETE (YRR )
(2016)M" (Ab AT ke JB TAEZL S ) (2019))
B (R, TAHEZE A5 ) (2020)121%5 — R 51 e,
Frol gk b & & e |, T 45 2 sh W 34 (XY
F.RBES)DPHARBZBEYEEE N 8.10 ~
19.95 pg/ke™, Horfr, f it g 26 A0 1+ b 5% 88 nl g
51000 pg/kg, A A0 A 398 it in 8 A0 Y 1 5
PR SRR 2 M. S, P EEET
KT Ty Z O HES R E . Bt RS, [H
B AR g AP W I S5 A A AR 2R, HL ik = %
EERIELAFAMBE ARG, Fik, +HEH5E
B ZE IR A R e [n) 80K H 25 ™ .

T2
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Azl
[ J
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AKX
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Fig. 1 Sources and fates of antibiotics in environment

M T EHA PO R, 2EA TR AP A AT
T AR . KRR L GRRSOE AR ER I A IR A B
A KB, ER R R RPUE RASXMAEY . shiE
WAt 398 A 2 1 A — A AR U

B, PrAEFX RN EAT B HIE A
- M40 TR R 75 BBt - %5 K (oxytetracycline, OTC) i
HEhmnigs, Hax A mRrsak 20 dY, R
Vb AL (enrofloxacin, ENR)XJ 43l 28 b 140 B [Rl BE A7
FEAHIE Y, R, RIEVI R E R SPUER
Ml OTC X/INE RIS KA R Rk 50%17;
TF7E U E (tetracycline, TC)FIA ) £ (norfloxacin,
NOR)WJ AT, KREAKHE (2.0 ~ 2.2 cm/d)E /N T
X RZH (2.5 ~ 2.8 em/d)!'®; i SAs XK R AR K G B )
e o B, KRR B T O e O S T e
(sulfamethoxazole, SMX)FHUR, Hoh, rhE K
Jiti FH 5 26 A 10 3 v & & BT 24 6 2 40 B A v
S, DU 2R R B B N, 41 SAs
PUPEREH sull | sul2, FQs HitEFEH gnrS A1 TCs btk
HEN tetd . tetl ZE101-201

B TP AE R B A S B 22 LA B vk
JE(ECso) T LA AL . FEIKIRSR S SR A AR Y BRI T
£ (ciprofloxacin, CIP)FI4E 3 7> & (ofloxacin, OFL)
ECso /T 1.00x107° ~2.00x10° mg/L?*", OTC #1 TC
() ECso 431K 1.04, 3.31 mg/LP, HA &Ik,
TN Y Y 42035 R (sul famethoxypyridazine, SMP), H
SR BE (trimethoprim, TMP)FIE AR JE % (florfenicol, FF)
[ ECso 435 19.52. 16 mg/L**'Fi1 1.80x10* mg/LP*,
BEMERAR . MIERMIAAR RS, CIP, OFL, OTC
M TC BESKE IR 135107, 41.9, 4.54 FI
5.59x10°", EA R A, K010k BE X 2 A Ak ok
PPN Y, T SMP I TMP (4 AR 725 KU Ky
2.78x107* I 1.30x107%, FF (ARG L 0.1, H
A PR P2 DL BE R TR D e T K TS
= ARIFSGUA: A A SRR RS B A Rk 22
S

3R AR e RS A S A (R E
AT i R AR SEGE , A E R
R 17 LA, CPRWIETREY 1.30x107° ~
0.79 pg/kg, I JE R &A™ A H PR
B ERAE 2.0x107~2.7x107 pg/ke; Mk KA FF
PEANEPGETCRIG, 2 64% Sl JRHER P,
LR H RN 1.90x107* ~ 2.20x10 7 pg/kg®, #F
3P F (FQs . TCs) A 7E AR RS 18 Ik i RN, 5]
ARG RER F Y, s R Y . R
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BRI L Eomr . BUm MBI, 38 i i
PRI,

i B, IR PUER BA R R | RS
R, IR R E R — R IR, T
MRS, P BT A FROT LUE I A
b ARSI OB R K AR, s
P, AR RREEARE . NI, T3Py R A
FARFAE- 55 500 R 28 ™ T R A 2542 4 AR

2 HETERAE RN EFRHE

H AT b hi A Rk KA T 0.002 ~
2 260.64 ug/kgB LR, BE 2019 4F 1 AP 44
P E ZHR ARG 203235 g 1, Hirp, ABZRHBIX
I AR AT 0.002 ~ 397.60 pg/kg ) 4L
HiX Hg 0.01 ~ 127.00 pg/kg® ! X H 0.70 ~

54.17 pg/kg ™ AERETHBIX R 0.11 ~ 78.31 pg/kg**
PERIHLIX A 0.10 ~ 908.00 pg/kg*>*! FHALHIIX N 1.85 ~
75.57 pg/kgP | ZRILHLIX A 4.18 ~ 2 260.64 pg/kgl?l,

Zhang “FPIFST A+ BEPTA ZHEOR G S
s ok (B MRS 26) BT 5 52 A AR N FT a3, AR
A R ISR ) R R o PO R R Y 6 AL b
ELPR PR 28 5 R K as L X U AE RIS Y R FE MR TR
TR AHIX , Bz AR 3T R A TS, A
Hh ] R R S AR AT L B . NSNS
LR K JE K- B b 8 FH A HILAE B )4 45350
S R M XAl e, - HE P AR AT REAETE T FE A BT R gk
BA ] it

FIGE E 138l SAs. FQs. TCs Ml MLs
DU HT A Rk W B R, ELR I ) b e 2
5, BFEEREL RIS WK S AR

F1 HPEERXEDIERSE EE S TFHIRE @e/ke)

Table 1 Mean concentrations of soil antibiotics detected in various areas in China

X35, Hhy AEfy IRe /NP2 R BE IRV 2 e B FP LR RE T E = BN
B g 2010 0.01 90.73 1.53 it [52]
2012 0.30 22.40 1.15 it [45]
2014 0.01 27.70 2.07 e (6
5 2012 0.30 397.60 2.25 S [45]
- 2016 0.35 30.62 2.32 HiHh [51]
2016 0.00 29.21 0.03 SR, M KH [31]
LR 2011 3.99 17.51 8.02 S [34]
HANL] 2014 0.69 186.00 12.21 B [46]
IR 2010 0.00 107.15 2.79 3 [47]
i 2012 0.40 58.90 3.15 FRHY [36]
Eild et 2010 0.01 97.75 0.57 b [52]
2013 28.70 127.00 104.00 Bl [35]
2015 0.28 46.34 7.02 it [20]
PNE 2009 2.00 120.00 19.00 BhHb . R [50]
17 2017 0.01 2.54 0.05 Hi b [48]
L 2011 0.49 33.15 7.25 Hi [41]
1erh " 2014 5.54 54.17 11.02 I [43]
Bl 2014 0.70 47.60 9.50 Eidi-e] [44]
M IR 2007 1.51 78.31 21.04 S [38]
2013 1.10 66.70 8.10 it [39]
2014 4.90 61.00 17.65 BiTs: [53]
2016 2.60 43.20 8.85 3 [40]
2019 0.11 2432 10.37 3 [33]
i | 2011 185.00 908.00 262.00 S [49]
PN 2012 0.10 12.50 2.40 it [45]
Pk HR 2015 1.85 75.57 18.38 b [37]
Rk BRI 2015 18.27 87.53 37.97 St [42]
Ty 2013 4.18 2260.64 237.61 I [32]
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PUER DA IO R HN . WIE . BRI,
JLPGAIPY )1 A 145 SAs Fil TCs HeBEVLFE g 0.01 ~
127.0 pg/kg>*21H1 0.405 ~ 46.34 ug/kg?*!, 53 HED
FSH R TR RPN E T, i E FQs Al MLs
WYL E A 0.003 ~ 120.0 pg/kegP Y F 0.003 ~
24.32 pg/kg™ M m T AEEP

A (C) Bk =X

iR
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FQs
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1
MLs

1 1 1 1
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Fig. 2 Box plot of four major categories of antibiotics in Beijing-Tianjin-Hebei (A), Yangtze River Delta (B) and Pearl River Delta (C) areas

21 FEEMK

SO X A SR 20 AR, L SAs,
FQs il TCs A=, FRFAVRIEIER 0.01 ~ 127.0 ng/kg™>,
HEHREE 9.00 pg/kg™™ A1 TR = A 3 X A 4 -3
5 L b )R o P I - A 3R R B KT A 24
WE 2A s, SUHSCHIX - 1E0% ) SAs WA 0.01 ~
127.0 pg/kg™>*!, FQs M A 0.065 ~ 120.0 pg/kg™,
TCs #JE K 0.68 ~ 46.34 pg/kg[zom, Hor NOR #i
Rigw, 53 100%, HKE R 66.7 pgke . N
[7] b Hb P AR b AR Rk PR 2 AT 22 Sk fildn, b
U A T TCs W EEAL T 43.59 ~ 101.75 pg/kg
FQs WAL T ND ~ 7.17 pg/kg . SAs HeJEAL T 0.48 ~
21.20 pg/ke”, Wifei % b 3 25hiA Zk iRk
e TEE AR, BHUrEEER sull | sul2 F tetL(F5
H AR 100% )R = 56 023 3 12 T S A P00, T
DX b 398 v e A R B R B D v e At A 2 A
+348 3 AN ECR YL, Hirh OTC ¥R =535 212 me/kg, =
S E (triclosan, TCS) .\ TMP FI$h K (primidone , PMT)
‘ffJL A R VE R AN 1.6 ~ 4.3 mg/kg[sg] X

Al 55 75 E X - 48 B 2 NS A =R B AR ZOK AR
7@ %, IF B A th b A RIS S A AT
B I — SRR X RIS T AR U R X+
e 2 FERIEPY,

2.2 J&Eﬁtﬂzlz
. FQs. TCs il MLs A £ 32 Fiud: 57

K= ﬁlﬂﬂ[iiﬁ%rﬁ%ﬁhtﬂ(% W N 0.002 ~
397.6 pgrkg), H. 5% B % AF W E RS,
K 2B Jf7s, J&Eﬁqﬂﬁl&ﬂ%ﬁn FQs 5 TCs % #
WE ST SAs 5 MLs!**, HAEERM %5
P TR T A AR S KU 1T, o, FQs 7EFR 5 3 8
TR B A, XM R 144 pg/kg!®”, T 13 Al
B PT A RAE S LI R Y, g Bk B LA
K(4.55 ~ 2 010 pg/kg), XIULIARIBUA: % Bk
P AT T A 3 b i B R L TR K VLG oK
R B R K R RV RR AR T 4 R B R R Y TCs,
e AL T ng/L Gt U A 1% BE A B A R nlaE
if 2RISR (AN Hh R AR T A HE AK IR, L E R
PR, 3 0 3 A R R AR T2, ek A ik
AR o
23 K=MK

R = A b X 4 8 = R B P AR A U R
XA, 3254 SAs FQs Fll TCs(f 4% 20 Fiit: %),
e BE VL AL T 0.405~78.31 pg/kg™ ™ 4nfE 2C iR,
R = A b X ST A: R AR B PR S (B 2
S/, BEWEHET N FQs(48.85 ng/kg)>TCs
(12.64 pg/kg)>MLs(1.20 pug/kg)>SAs(0.92 pg/kg)®!,
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TR = A b DX TR B 7 b 458 A B X ORHG — Ay b X &
ik, P, FREDIHE R SAs 78 3 i L HErhag
i i ™), R T 5.22 pg/keBY i HtHEEE
b DRI =y 3t X R 7 9% B 43510 5.00 pg/kgPO
0.70 pg/kg™, Wnge T M 770t - e b pk R R
Eik 80% LA b, HiArdi i — B BEIE (sulfamethazine,
SMZ)Hk FBE LRl g 12.8 ~ 41.8 pg/kg!®® . AHMIHL, 763
W P A FR R E T 62%°1, 3L OTC . SMZ
KA, MBS HIN ND ~ 3.97 ng/kg Fl NDCRK HY) ~
0.37 pg/kg'®™, FAE Y+ PR RAG R BE Y 1
TS W AR5 HERE M 2 B0 NOR VR =i ik
66.7 ng/kg™, ZRPIAR PR WE BERT
AT K USO8 I H it [X 7% P vk R 75 A 1 K T T
SRS IR N X BT K R B F A
Bl b PR A RO . A RGERR, B TS K A
it XA FALBERCRIEANIA &, V5 K HR R AT
A= AR IR TG K A B A AT ROCR, AL AYO T
N AR A5 KA FE T 25 % OFL il SMIX 1) 255
RN 42% 1 36%, RERREARY; F4h, I5KAbH
RGN TCs HAT—@ M RBRECR, IR B HAT
PEREIR tetd \tetL S5 AE TS 7K AL Bk A v ik BE S M 155
SLMR Y5 K A A BRSO SR 2R T K i AT V5
SER B WU A5l ORI [ 4 L T AL
S YR

i LTk, EAORSE., TREAN 3
KHbIX + 34 Z AR L FQs. TCs. SAs il MLs
F, H FQs Al TCs Wiy 8 2w T SAs Fl
MLs, 5L DX RIER = M Hb X AT = M X +
HErh SAs FQs Hll TCs $iiAE 25k B W B394 B R A9
FEl, T MLs 7625 b - 38 v % B2 v B 1383 i 1K, 3
VLI A R A IR ) AT S 8O R 22 5% 0 )
Ab, K A IX A FR AR R R B KT
Hi X FIER = f b IX, HAS b X A ] 4 3 ) 228 g
A B AT 3G AN 3K AT U P A5 - S
PRET . RBE AR . NS ) . iR 2
AR

3 TEPHARKBNZMER

TE H AR L3P B A B B0k B 2 2 IR TR
A1, PR ZALAT 1 1o [ ik A AR AR WA S5 i A
AEERER, TR S TR AT o MPE T
PUAERMIRE . REARCHTFE R, WM 5T
AT N ZAE THUE R AR . e A
AV S (12007273

30 MERBEUER

PiAE A BT ] R B LA R i RE R R
AP BB KB, A R K R
W [t € 1/ . FQs>TCs>MLs>SAs*™ . +3EX} TCs
H1 FQs HIMLFFHE T1 Ky 730l ik 503.1 ~ 5742 Likg 5
160.7 ~ 786.1 L/kg, 1MiX] SAs iy Kq WALTF 3.173 ~
7.893 L/kg KF7, VERBKIEA LY, W& R
FH Koy, $38 5 A HILJTT 0% 7T 39608 o SS eRE T7 , —
K, logKoy iR, WHHE D, Y logKw<2.5
mF, WEEBE SR 24 logKew>4 I, TUEA B ik
BRFRE TS, i MLs Hh41 %5 & (erythromycin, ERY).
B 4175 F (roxithromycin, ROX) logK,y, 7354 2.5 ~
3.0 f12.1 ~ 2.8, 1fii SAs ' SMZ Fil SMX 4 0.89 Fll
—0.43, HIk, AIH TS W55 558, bk
RAEK LT AR A S W 5 5 - e
KL B R, SRS e AR Bk B . 2R E RS
FETFWEAEY, FEARRN pH FR5E T 25
HASTRI A B BB A e B e se Y, SAs
HREFE (pk,=5.7 ~ 8)FIBEREIE (pk,=1.6 ~ 2.6)™, FQs
R IE (pk,=5.5 ~ 6.3)FIREHE (pk,=7.6 ~ 9.3)%% . X}
T pka(7.7 ~ 8.9)8 i 1Y MLs, W T B AERIME B9 7K + 38
Bi R A RET b k5 U7
32 TEMRS TR AAER

I A E T K T LA R A VI
[ 2 5 T G R A 2 P IRAIR A

5, AR T Nk . AL
pH )W AR R T S EAT s . X 3 AR T
# (tylosin, TYL)E@'&Wﬁgﬁﬁiﬁ/&i\%%ﬁ%W%[m ,
FEEXF TC MWL Fff (4 602 pg/ke) ™ B TR+
(157 ng/kg)") 1 EARFHRIZEZE ST R, X
TCs MM fE ) B &R TR £ 500+, XA+
BRI S TR L, HAEVRSE TR, A
15 H TCs WZREY pH 45 . AR - S8R5 pH 2552
Wi A R AR, ANAE pH 4 5.58 ~ 6.64, 7.63 ~ 8.22
il 8.04 ~ 8.23 MyLAE, SAs AU MR 530K
0.06 ~ 1.66. 0.06 ~3.36 1 0.03 ~ 3.49 pg/kg®!, + 4
pH ASLHRE T - 500k T L far T 25 R0 PH B 1 58 46
REBH I H g mbi A R T fan, 7E
pH 3 B, 34X} TCs Ay pH 11 B Y 2 £5052,
M pH F Wi, TCs 5 50k 2 ] i s i3
K, FEOFHA RS, B PURE R
A o e MR S 2 R R ) - 4
PR ARFE R R EE N E . X B R,
- XL AR 2R 0 U A S I - S LT B e

http://soils.issas.ac.cn



5 4 19

XURRFEAE ;] g e A SRR -5 S0 DX S ot 677

I, AHURR KR R AR E A B e, T+
SR T BN AT B S T R T, DT e T MR B g
T HIRE RN, FERAEEBRAL LA LT
+-3gE b 3 1R 117.80 mg/kg Fi 145.10 mg/kg!®™,
T, IR E T NAAE ST E RS R LR
W RAT N, EERMAEPINHIH: — I, BN AR
BT S5P0A R0 BB 4 2E R A R A
Pk R 5 —rE, 2N AR E TR St
A R RS RR IR T AR R AR B AR SO 4
JEATRRE, (T e A LT A B R A
HEsR P R BB,

HR IEARE RN Z RPiA Rk EA
F 25, Ostermann 255832+ SMZ ByMesE, H:
H10~20, 20~60. 60~90, 90~ 120 Fil 120 ~ 160 cm
SR 90, 23, 3.6, 2.1 Ml 1.4 pg/kg, PLAEREE
i - VR B A UG I, 3 AT g2 T AR R R i i
FErh SMZ BV + ORI B AR, Pan 450
WM, M EL5HE S8 R A B3 R AR S
TR, SR TC G ERAERZE0 ~ 10 cm), AH
Fth, Z2HARW A 2R LA BRI AR, R
RIS, 2 REERZE 5, filhn,
FF 3 B i RME(11.4 p/ke) M IERIZ L3, mT&
JEHHE@ pgke)™ HAN, HTARE R Z (8

A2 K, X R E AR R R AR
(R BHTERS AT R o A HRGEFK, IR AR RFEA 27
() K FETERCR R 255 (1 ~ 10° Likg), HS5AFZE
PRI PHES 7o B E MGG R, L HEPH R T3¢k
SR, R P R T RO RE D e, HO B R
T 38 e R W A T Ry 5 i A0

WA, ZBI AN IE SRR, ) 270
JERA P B FE R R H 57.7%)°1,
FEB I R e SEH R B B R kY,
L 3 R T At - b R A | LR B vk B M 3K
e SRR SRS . BRb>E . K, AR
Mo, SRPE G 2). Horb, FREY R R T
1K mg/kg G000, M HA A R RSS2 ~ 3 AN
Y AR A S b AR 2 AR R A T R SR,
THMIERR S R R, iR R R N st NP,
SEBE | bR R ALK Y 7 e R R R T AR
53, 3 0] 9 P T o DU 2 - bR 2 R g HILAE
TR ORI /N (AR R, 1R HE 1 4
Lok RR I, EET REMTIAER, HARHK
JiE 5 3R MR AR A, B R Y 28 e g
. BRI 2R S R 2 K e K ARY,
i 2Z BN K £ DA R EE L
b Bt 2 — 1,

F2 PEFE A ALRNRERRBRE (ng/ke)

Table 2  Antibiotic residue concentrations in different land use types in China

éﬁi‘ﬁ‘ﬁ /FE lﬁ[}l] M‘lﬂj‘m.sm Eﬂﬂ[ﬂ] /J( EE] 31] ﬁlﬂ[38,47,49] ?Eklﬂj‘[sﬂ *#lﬂj‘[4l.46,48] ?’?ﬁﬁ%ifg”z’%'“]
/N % 0.003 0.002 0.007 0.003 0.003 4.900 0.010 0.400
e KRR 2.255 52.000 97.752 29.207 908.000 61.000 186.000 2260.640
7 Y 0.028 0.028 0.719 0.058 5.180 17.650 4.660 16.900

33 IMEEH

IRBE A5 TN - 8 b b AR 2285 Bt BLAT I SR G
PEPOT S — T, TR T R AR AR LA W B S-A
AR THE I A R AR, (A g SR R R
Pefuh, $E A% AL B R o [ g A
TR 22 AR, BiAs R B i e R A A R X
(PO EE N 8.981 ng/kgl Y EAR TR 25 B A Bk = £
Hi DX (VR BE R 11.80 pg/kgl ™), 2YFRESIREE M 8 C
FETH 2 37 CHE, BEBGIN TCs 750t 39 b A i B,
g7 B N 59.88 Likg ETFE 252.79 Lk, 5
—J5 T, BN R UK ol 3 5 Y it R 1 B B
P PrAEZm A M RAR N . P S R AR S e
RAENKFER .. AR, TCs fEMLRR T ik
4 0.086 0 ~0.370 8 pg/L, 7EHL FARHH A 0.085 4 ~
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