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Abstract: Antibiotics have become serious environmental pollutants. Owing to their distinguishing feature of
mixing, persistance and low-doses in the environment, a study on the toxicity of antibiotics, especially mixture
toxicity and the hormetic effect in the low-dose, is significantly important to the ecological risk assessment.
This review mainly focuses on the mixture toxicity of antibiotics and briefly summarizes the acute and chronic
toxicity of binary chronic toxicity. Their joint effects are neither a simple addition of their individual effect nor

independence of each other. The interactions in the binary mixture of antibiotics exist both in acute and chro-
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nic toxicity. Meanwhile, it is found that hormetic effect exists not only in the single toxicity but also in the bi-

nary toxicity when exposed to the low-dose. However, there are few studies on hormetic phenomenon in the

binary mixtures of antibiotics. Therefore, a further study on the prediction and evaluation of the Hormesis in

mixtures is needed, which can provide a theoretical basis for ecological risk assessment.

Keywords: antibiotics; microorganisms; mixture toxicity; Hormesis
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EE,
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FEAER B RS, B RTAR 2 0158 & R 8 1k 07
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(B ZEFE I ANZRON 5 24 TU > 1.2, B M 45 240 45 ] & 5 4t
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RiEA R S %0 — ROV B AL 45 W K -
g™ AT RS WA T A A O A H R R TR R
FE AN PRI KA HE A B A 3R B AR 475 8k
KREFREAY, AR 200 3 00 2 A 52 PR 2R
Be o Az K IR I T ok 1) A 25 B 1 0O R B
A", Thomulka %5 "0 52 T 4 Fh 3t 28 2 X 4 4
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Pk ZAE 30 min B B &6 0 R, (5 b
B AE B ) 28 K, 4 FhpT A 2R 2R i T AR R B
T EEE RN o i P E I X K B 3 (Daphnia mag-
na)f)FEPELE R R W, H 48 h PR R B A B M R
24 h (4 £5™ . BRI REMEBERS BT
FE2E 5o DR T R 0230 P 05 S B AR R 0 2 1 B
ST, B] LATE 200 4 10 o 2EA 5 e W %o 2R 35 A A 2
ARV R B, B O AR A N S R A A 4

ik RAEA P A 5L ¥ . Kolpin™ Wil 1
FE 30 NN 139 FRiT i bR 2 (B B2 MR
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L', Jiang %5 "N E T EH LY R YU R R BWRIE Y
F 36.71 ~313.44 ng-L" . "] UL, P4 2 AE R 55
Z AN E R, EEFEHEK Calabrese A B TR
ZAA W AEAR A I TR S B A E L, XFRZ
NN (Hormesis ). 3X Pl VE 5 &5 77 i T A9 300 16l
YERIRTF . A58 & B, — Se 45t 9 25 9 (n 95 i
B YA R ) T 00 o 0 A i LA I R T A, A
RGR) B 25 20 AT AR 2 A8 A 2 T A — B R
BWeshm, ik, 5 A HAb A — R AR
HYUERX AR MAEY & B A S
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Mg it — g &

1 HAZR-_TRGUNAKEKEEEAR
( Acute toxicity of binary mixtures for antibiotics
exposure on microorganisms)
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WL AR SIRAY R SR 50
— LG YR 1 B HEVEHT . Soto-Rodriguez % fif
% T M S B A R X 9 I B (Vibrio fischeri) i
BB PRI S BRI, 45 2R R 10 FhirA: K45
Y JCRO0 e B R AT IR B 5 2 R B 99% KOt
il A BEPE RO o PR R RGP R A —E 1)
BAVER"Y . Ren S5PHESE —Jedl & ik # X &L
R 2GR, RIS E R SHEREHER.
HERSHER N MMER S HERA SRR
FER Y PR AR, TU 43508 0.56.,0.46,0.47;
MBEHERGEMETR AT RIEGERAGRA
R RS BUAE L, HE TU (B4 B8 1.25 F101.23,
HAWSE R, MR YA R AT REIAER
Xt BH 22 K& 6 FF B (Photobacterium phosphoreum)
BA 2 (S min)&E M RIS PUER, L TUR"
AT 121 ~4.45 Z ™ Mehh, Pra R 5 H AL A
&Y i WA AR . An S80S T B
FEHUA R 53 501 5 Wk TR SIS | b g R S | i e 2K A5 A
JEN A1 ) 700 % 2% IS AR B (Vibrio fischeri) ) 20 M (15
min I3 75 1, S BB 28 DT A8 2K (SA's ) 5 Ik i il 288
FRIBR 25 R0 A P TR A D L i s 28 S A B 5
i Sy R (SAE I

2 MAER_TRAYMNEMREKASHERAR
( Chronic toxicity of binary mixtures for antibiotics
exposure on microorganisms)

SR EREAEREE R 70 S 2 R0 AN TRV I
Z ISR R PR PUE RS B IRG HREA
PEZR B R AL, BB 2327 B X LA RIR B 15 Y W R T4
WFFE D 2RI 5 B 1R 328 A0 T 1) B Ay 2 3 3 45 B 52
KRB A R E, R, 5 2K A #
PEAHL, o0 RIR & 75 R W e AV T 3R 5 3ot 2k
Yok, e AT B B 1 I AU 3 B R 1 B A i A
oA ST AN . Yang SEPURESE T 12 Rl AR IR K
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P, K MARGUERZBIKSEN 2 ARG, T
ek i 260 AR 2R 2 T) 3 B A AR A T, T O R 2 2R

LU R ORI BESE 5 R N BRI v i
ST I R G R U EAE ] WA R R A
FHADLEY IU 3R 25 A1 4 B 2= % 2 H F 3 (Selenastrum
capricomutum)) Mg VEEE G B Pk 3 B AR INAVE JT
DU B 2R 75 e Sk 0 e IR 4 4 2 S K HL AT RE A
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AR FEEPER,

oA RAHADE AL G WK IR & R R B s ™
ERFERBAVEA . Sun 5P &% £ 5 E 45
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B 55 ) B 7 AR YR 1 A DR A T R B A A R
e R A R B B W RIEH . 5
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2 2 X BH W, ™ A A M A K, T DL SAs-
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FEAEAER EEE A3 B 00 B A 55 1 RN A0 1
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3 EKFEMERREE LTI E (Hormeisis of
low dose antibiotics to microorganisms)
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Fig. 1

Note: NEC is no effect concentration, ZEP is the

Six points in the hormetic dose response curve

concentration of zero equivalence point,
M is the concentration of maximal stimulatory effect,

Y,.. 18 the maximal stimulatory effect
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