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Research progress on environmental behaviors and
ecotoxicity of tetracycline antibiotics
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2. College of Environmental Sciences, Liaoning University

Abstract Tetracycline antibiotics ( TCs) are among the most widely used antibiotics in the world. They are hardly
absorbable by organisms, and resistant to biodegradation in the environment, thus being difficult to remove in
conventional wastewater treatment systems, and posing serious threats to ecosystems and human health. The sources
and pollution occurrence of TCs in the environment were reviewed, their transfer, transformation and degradation
were described, and their ecological and bio-toxic effects were summarized. Finally, the ecological risks of these
pollutants and the prospects of future research were proposed. It was suggested that the environmental behaviors of
TCs should be assessed at the multi-media environmental levels. More studies should be conducted on their ecotoxic
mechanisms and their joint toxic effects with other environmental pollutants.
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Fig.1 Molecular structure of TCs
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Fig.2  Change of TCs literature quantity from 2009 to 2019
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Table 1 ~ Concentrations of TCs in waters of different regions
B o b N
el SRAF: Hb A TCs M2 e
NEE

TET/( pg/L) 443
7 ] g g O CTC/( pg/L) 93
OTC/( pg/L) 27
F 7 139 7 CTC/( ng/L) 0 ~420
i [T L8 TCs/( pg/L) 38. 60 ~254. 82
1o 22 e TET/( pg/L) 0.56
ESE2 e s/( n; 7.
v [ g g 10 TCs/( ng/L) 507.0
OTC/(ng/L) 300
gt CTC/(ng/L) 140
TET/(ng/L) 30

Hb ) ) TCs/( ng/L) 4.72

%:z qjlg\zlﬁ,n—li

K TET/( ng/L) 15.4

DOC/( ng/L) 1.47 ~30. 44
TET/( ng/L) 21.71
b g
OTC/(ng/L) 30. 07
CTC/( ng/L) 4.32~11.42
DOC/( ng/L) 42.3
TET/(ng/L) 9.8
e A A )
OTC/(ng/L) 4.9
CTC/(ng/L) 4.4
. F7k0. 12 ~10.96
Ry e TET/(ng/L)
Wik 0. 63 ~18.27
H A [18) OTC/( pg/L) 0.002 ~ 68
o K1) OTC/( pg/L) 10

% thE F#E) TET + OTC + DOC/(ug/L)  30.05 ~ 100. 75

M e TCs/(peg/L) 100

K e TCs Kotk 60. 4%

R TCs/( pg/L) 13. 65
o ] ) 124 TET/( pug/L) 5.16
IEwN -SRI TCs/(ng/L) 150 ~970
T E AR TET/(ng/L) 20
5 E R 127 TCs/(ng/L) 652.6

y— g

5

7K TET/( ug/L) 0~1.11

4k

Bl OTC/( pg/L) 2.18

I

CTC/( pg/L) 0.15
DOC/( pg/L) 0.19
i VTR 0 OTC/(ng/L) 130

563 i1 254. 82 wg/L'* | 3% [ 2500 T H & K K
WS e BEAE ng/L 9%,

1.2.2 3D TCs 1554
3 /PURRY P TCs UL OTC  TET A1 CTC Ry &,
e B ng/kg ~ mg/kg %&%éﬁ[m o /NI X A 45 T
B TCs FhE S5 kR 2 Fios
x2 AEMEXTE/ARY S TCs Bi5HEKE
Table 2 Concentrations of TCs

in soils and sediments of different regions

zz SKAEHD A TCs Fh2k e
A ] G g 19234 TCs/( wg/kg) 450 ~900
5 71 1) TCs/( pg/kg) 27.60 ~177. 64
Hh ] B = £y X 36 TCs/( pg/kg) 0~242.6
R rh LG 7 TCs/( pg/kg) 0~59.77
OTC/( png/kg) 38.39
e o 038 CTC/( pglkg) 8.92
TET/( pg/kg) 5. 64
CTC/( mg/kg) 46
A A P] OTC/( mg/kg) 29
TET/( mg/kg) 23
OTC/( png/kg) 246.3
FERE ERAHHLERD
CTC/( mg/kg) 11.2
e ) TET/( mg/kg) 0.6
CTC/( mg/kg) 1.9
FRE T R 041 TCs/(mg/kg) 71.17 ~105.76
T o 8 TCs/( pg/kg)  1.91~75.70
«{3 Hh ERESR] SE T B 128T TCs/(nglkg) 652
7] e S B 144 OTC/( pglkg) 99.2
e T 5 41 TCs/(ngl/kg)  1.35~25.43
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AN ER, FEORF L IX 4 /TR
TCs V5 AP AFTE2E 5 . B B 28D TCs MMk B 5
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25 RN 3 35 7 A R Ot v, 5% B T B T 3
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OB NTRE AN
2.2 TCs HIF4fR

TCs B REAR 3 A AR A Wy 56 A A0 A= ) B3 it Al A=
VIR L FESCRE R K RN S AR i, A= R f L 4
TRl 0y A ft R RE 90 R B
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TR A T RSO R e IS BRI AR B &
AN 51 & 19 25 Tl BN, 43 Sk L 42 D' ik R[] 422 5
fife Y B R T E WO T R AT, R
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ff 3R R R EEA pH JEHGN KRS A BT
W AT AR AR AU AR
JEUEXT TET Wi RS AN 23 & A AT B A, I A G
I Ti0, J5 TET % A fF . Doi 2578 WF 58 T
OTC MYEREMRAT N, A BLRE S %W pH FHim OTC F#
fifE R Z R, K A WL P B RE A i OTC BB AR .
— WO, BN EE T A B T AR R A T T
JERETHE 10 °C,0TC 1 B A R a] 38 00 2 A5, B A

R R B S IREAFELEER
2.2.2 K

KR R KA W EE R R —,
FEEETEDE T ROPUER ), TCs A FHh &R
AR FERRIEA T C—6 LM C—5 11
AT AN, 5 Kk A B RN, A BTG A v
WA, T C—4 — H 3k By % A ml i i) 24 1) 5
PSR FETE 251 TCs W] AR BB A N R 25
A SRR PRI, TCs 7K i % 2237 pH AR
SR FRAHEAE Y MY T CTC 76 AR B
pH 2508 RSO0, 45 R B CTC 5 7K ff , K
iff TR Z T R R pHL 2 e A B S A R R SR
PR K s R R T IR A5, I s iR A2 (70 C)
TKAEHE R K T E W (20 °C) , Loftin 258
AU R £ OTC Fl TET 2575 A [\ 528 F1 pH
SR A R R BB pH ORI B B T TS
YLK figg s A T I bR (HL B8 i e LK i TG ik
FHR
2.2.3 SAAbiEf

TCs 7E 30 A AL A9 VE H T AT DL S AL R A
LI AR ) 2 L4 HCIO0 (H, 0, K, FeO, %5
Horp BB X TCs EA B 1 B3R, K Ak
Pz A R AREE AL A CTC
WK AL BLS E K T AR AR PERESE 5 e st ih TS
VEE P A 2 2 RIS 40 ST e fi R
FERET pH F1SL AR R (o LA A b
FEXMELLKS TET BT 46O, 2R E s i 58 T
SRR XS TET Rt B2 , 768 W] B N 451 F &
FRIREPXT TET MIREARZER 27. 2%~90. 9% .,
2.2.4 YIRS

Tl A Wy o it 2 B A R AE IR v R A 1) T LR
1o AT LS B A 2R R 45 R BRI I, 8
U Rk MK TG YRR /N oy T AL G
Y, BRI H,0 1 CO,, S E B I5 Qe il
ToE, MAEETT RN R R E EE
YEH , iBad K | £ G B RN A8 AL SR AL ) AR
YA 20 1 45 b i il HL G 3 %) Huang 267 A
24 ) HETG 5 KRR S b o 2 — R R T,
N PUBR 25 4 i %8 3K 3] 78.28% , Maki 257" A 3551
VK £ ) JES e HR AR o B e R A A
BERR N A7 BE T RN B #E , FEXF OTC , DOC il TET
SR WERMYIGE, fEhid R YRR,
FE W HZAH pH, R E & A E KRBT
P ERIBEAREE AR R R 2R TCs A fiE
VIR Af R A AN [A], BIF 9 K BRAE 28 P s i AN sk
AT DI R TCs AR AR R, A [R)T5 YL 1) B
fift 3%k CTC > OTC > TET, HAME (8 Wy i R s fie
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YA e R F1 & 18 B9 AR &, HonT 76 2R 5% v itk
1752 2= W) W) o 5 e R B B 28 e, W AR S 3R 55 Y F
WA EEAE AT BN ST KB, K AR
AR FZE XS 7K H Y TCs A 15 BRAE T, B R A RURR 32
FEVG K R B 35— BB (] 5, LT R DU A K (1) 2
I 43 33k 80% F 90% L) | BEAS 415 B gy 3¢
B, 7K F2s U X TCs AR AT 51 10 W UACRD 25 Bk
RO AR EXT TCs 1Y W A 25 B 250K BH B 5 1
20, HE WS B T4 2, MY
Wbt A= R 32 A B A 2L, ok A A X R
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3 AR X T CTC BA 5 5 1 W i i
E0T 28 5 T 2R W IR 2 PR A B

3 TCsHIELSSH

TCs fEFRGE A A9 2R 257 1k 2 SR B A . 1l i
S PR T 2% A W B0 e RO LA R K AR AR
Yy s A YA S A W e 4 R R SR T
2, R 30 58 1A B 4 6 A AR S R G
ity 5 5 S 7 A A% iR 24 T, HGE 2 K A A%

o U N DA B
3.1 BMMEESRETE

311 MRUEWR A

P R AE B SE IR (SRR AR SR ) h
SE T A Wy s AR A S e PR i A YR TR 4
A8, S S Gl A W 0o A 35 e W Y I ik BE ) %
IR Bk T A A B 2R A K, — ok U, Y
IZRYX HE Y2 S TS > TR > B
W Dijek S BFS R, AR UE R REHR
TGRS T HERK th Z R0 A A B S, TCs Al
DAY & M B ARG E W B, 3 3 IR E DRV &5
oy e = b AT A P B 0 A 2R I B8 ) 484 o i
581 Thiele-Beuhn 45" fff 55 & W], A [a] Fh 2 bt
AR ZRR RO A TR T A 22 5+, TR (microtox ) B
PEMR 25 5 5, OTC TET Fl CTC Y2 5 R0 vk
JE (ECy, ) 205120 6. 119 20. 72 F164. 32 mg/L, 5K%)
SRS OIS R AR Y OTC % 9% FCHR B AN
TSR AT A IR, — 2 o 8 0 1 Py HG g M A )
B IS 18] 52 00 B0 3548 . TCs X 02k W 0 2 1k L
®3,

FAREAR AL
*F3 TCs XEMMEHE
Table 3 Biological toxicity of TCs
W) , - ;
e LR TCs Fp bR W
7<77'J
TET ECsy/(mglkg) 20.72
RN
CTC ECsy/(mg/L) 64.32
1 TET ECsy/( mg/L) 0.025 1
A BRI
By oTC ECsy/(mg/L) 6.119
ECsy/( mg/L) 0.75"
T ) oTC
ECsy/(mg/L) 0.12%)
o TET ECsy/(mg/L) 0.09
CTC ECs5y/( mg/L) 0.05
TET ECs5y/( mg/L) 2.2
SR
CTC ECso/(mg/L) 3.1
5 1 [92) TET ECsy/(mg/L) 11.18
TF PRt (93 TET ECso/(mg/L) 171. 025
P ECy/(mg/ll)  52.361
% Je g (93] TET EC5y/(mg/L) 199. 356
] TET ECsy/( mg/L) 617.2
KA
CTC ECsy/(mg/L) 137.6
) TET ECsy/(mg/L) 322.8
B a4
CTC EC5y/( mg/L) 34. 68
TET ECsy/(mg/L) 406.0
{5 ey L4
CTC ECsy/(mg/L) 61.15
OTC LDs,/( mg/kg) 302
Y KRS TET LDy, /( mg/kg) 128
CTC LDs,/( mg/kg) 100

T ECso M2 85 KR R B LDy 2B BESE R, 1) LA 5 min
i152) B 30 min it
3.1.2 XPKAEEWNAESTNE
TCs X KAEAEYARMAEEFEM ., DIEIEh
], MR K G e FE FEAE TCs F, DOC 7] {41 ifd i 18
BVEREAR, CTC F1 TET FEARMR BE T AT LABG i & 5 20
FRURSE R4 3 5 1k AR A Mg SO0 R 5T R T, TET AN
CTC Xf 4 &% fl #& B 1) ECy, 43 31 4 0.09 F
0.05 mg/L, XFLREE ) ECy, 203 2.2 A1 3.1 mg/L,
A SRR BE T TCs MBS BE L AR e i . T AR
LIS PR | BT o 0 £ 25 A 0, &% R R
B TET 1 CTC XJ 7K A= 3l w5 Ve ORIy hy il £ >
BE 0 > RAYRE, CTC #EE I W T TET; 2881447
RARAEFIWT , TET XF 3 Fok 4 shPy ¥ )E TIREEY B,
CTC Xf RAVEJE AR EE , X BE LD o Fn i £a Jm b g, i
R L 010) gy LW TCs o) 6 €71 5 41 ifd DNA A
0 , Xt fn IR G A SO LS, Gagne 251 BF 5T &
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B, OTC X E (1) o s RGEH — i 7
FANEHIE IR AR (R 3) .
3.1.3 XMW E AR

TCs K28 Fi5 K He ek A+ HEr ) i
BRI AT, S 6T A 0 1 AR R 2 A 7 A AR SRR
Bradel 25"V HF5E KB, 24 TET 3k 3] — & ¥ B I, M
Py 2E AR AR A Rl i, JC P AR XS TET AR ST
PE L 2E B U TET WAE WIS 3228 s R AR AR
sk WA BT R I, R AR X TCs (W
TR, — B R e il > B > BAER > HiE >
BAE N > N > B > EoK. Kong & HFRYE
], 56 B 6 X TCs 1y MR WG R Ol S SN, fe e
TCs TR ALEMRT, Bl & o B2 T s 25 Bt 7 AR s 3
%, FEIER T TCs 5MER G iU &5 Fa AL,
TR AR A BRI R TR

TCs XHEYI A A K& B 15 0 5 Ak 2k it Al
FHFR A S B B ) 6 T R 44 K, Batchelder
AN B B, 2T i &L X CTC Al OTC 2 Fhps:
RRARF UK, Y E W PR 160 mg/L i,
T A FBAET AR AE -4 XL 2R 7 R v
P OBLIE| b7 S N N DVA R oy VA = R P P
TCs 5+ MEBE TN TEEY, BIKT
HAE 3P A ORI
3.1.4  XFELS A AR

Pk Z AR A £3E5  xF R s &
FEAE A B IEALN . Baguer 85 BF5E T OTC X+
S| Bk HORZE H s, 25 R, OTC X £
e sl 0 5 R ERARAIG, X2 3 1 e ALK A5 ¥k B
3000 ~5 000 mg/kg, Boleas 2" B3¢ T OTC Xf +
AR REIE K OTC W EE S 0.01 .1 #1100 mg/kg
() 3R N F) 322 B3 S5 5 R Bl s JeAe T H
Xof -3 A Wy it (TR I O S ) TR R
TIERE AP RSN L s Y e R e
N R BT A 25 R 1 B R 1 AR Ak T
g2t 3B Az (R 4

I R b TCs 2 TR Y7 4l A I gy ol e 2
SR AT REZEEL , X E IR AR AE R 5
SR, BB R YRR OTC B2
W, 2 R B, 51 0 PR 2 LA &,
FTEE, R A B PR, I b A A7)
T/, TET AR RS2 L | B 52 F0RS 9% AR X 5
WD R TFIEAS R RN, 52 U B R
UEAh, TET ] fifi K 5B AL Y B Akl | o 4 1k Sl
(CAT) 7] %4 Wl -6 -1l 12 IOt S I 0% 1 0 35 BRI, 4 b

PESZ W, Ap

HK S-HER M (GST) FIfLYE GSH | Z2 M Rl -4+ 2
T R 1 2 T v, X R R T R SRR LA
F(E3),

3.2 BFEMEEHAER

AR KESHSHES AU LN, ™ E
B ES R G E 4, K HSA: R A BRI
FEE WK 5 58 1) B W 2600 5 A R i 5k B b A
RIS E SR A BB I K
K R AL R AR I A5 2 AR AR AT AR RE AN 1L
BIFRRANS 2 E RN R K FRE K
1K HEK BB IE K A IR R
FHK A 586 T A [R) A B o 366 BT, o 2 fi
R o8 ™ EE U .

AR 56 Tk BR R v e i DR R ARG ¢ )
OB G E T T2 500, fyE 5 IR 5 /K AR A 4 82 i
YLD P A () F B ) Dang 250 YR 3R Y
SR T OTC PritEEA | e IR AN S
A FE A R IN E] OTC Prtk A tetd (tetB Fl tetD
Agerso U ERE LA SR R R E] TET i
ZY 3L 1e139, Tao %51 AR 3 [E BRYT I SR 0 4
A~ TET Btk FE A tetA | tetB (tetC Fl tetD , FoH tetA Fl
tetB JE N 22 U K i, A I A 2 g3 5] R 43% il
40% , Chee-Sanford %5 ¥E 35 4% 35 I i) 1k 26
P8 B TET HUEFE R ter (0) tet (Q) (tet (W) |
tet(M) tetB(P) .tet(S) .tet (T) Fl otrA; Pt R K 2
BRI T KA FEFEH T e i LT K R AR B A
BB R S PN e w4 Rl w3 1Y GA £ A e Y Do
Auerbach 25 ARG K AL BRI 2 AR K 9t 4G
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