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Environmental Concentration

Wang Guixiang', Zhang Qiong”, Kuang Shaoping"" , Li Jialiang™"

1. College of Environment and Safety Engineering, Qingdao University of Science and Technology, Qingdao 266042, China
2. College of Biological and Environmental Engineering, Binzhou University, Binzhou 256603, China

Received 27 April 2018 accepted 20 June 2018

Abstract: Antibiotics have been widely concerned as a type of emerging environmental pollutants in recent years.
In this work, three common antibiotics, erythromycin (ERY), enrofloxacin (ENR), and sulfamethoxazole (SMX),
were selected as representatives to explore the toxic effects of antibiotics on various organisms. The growth situa-
tion, contents of protein, and malondialdehyde (MDA) of Chiorella vuigaris exposed to these three antibiotics were
investigated, alone and in pairs systems. The obtained results showed that the 96 h-EC,, of ERY, ENR, and SMX to
C. vulgaris was 85.7,124 .5, and 1 672.7 pg-L™, respectively. Moreover, when C. vulgaris was exposed to the anti-

biotics combined in pairs, the joint toxicity of the mixtures showed synergistic effect. In addition, the protein syn-
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thesis of C. vulgaris exposed at environmental concentration was slightly inhibited in the ERY -treatment while the

other treatments exhibited low-dose stimulatory effects. The MDA content in the ENR-treatment was not signifi-

cantly different from that in the control, but those in other treatments were all higher than that in the control. From

the result of MDA determination, we can make the conclusion that ENR did not induce significant oxidative dam-

age to C. vulgaris at the environmental concentration, while the other two antibiotics induced oxidative damage to

C. vulgaris. The results provide scientific basis for the ecological risk assessment of combined exposure of low-lev-

el mixed antibiotics in freshwater environments.

Keywords: erythromycin; enrofloxacin; sulfamethoxazole; Chlorella vulgaris; acute toxicity; joint effect

PoAE A N 2 i KA A3 3L (PPCPs) () 1 22
— 2 IEfE AR B )z AR MR R AR, 2013
e ERUE RN AR SR 162 J7 Y, SR, B
BB AT ICE D9 R, 70% ~
80% LA 245 s AR = 4 I8 SXHE s AR A1, 32E A 45
WEEANEY, Bom SRR A T E R K i A E Y
15 YR, 30 Fr i di 2 1) 2 T T S R Ak e 2%
iR, HEEE ng- L' ~ pdg-L'1 MK, HE— sk
R L X045 Y5 i VR AR DR R, 4T B R A Ak
AR 75.5 ng L KEBFR R, 5 Rk
FE BT A 28 BV AT X A A g B 5 A A IR B 1 ™ 5
B HErHU A 2 B — 28] 200 B 8 2 A
B gy, Hoa i PR f 3 OB ZE BT
O 28 J R 3 AT A A U R A TR I

38 /NBR I (Chlorella vulgaris) f2&:— i UL IR
IKEREE, R T HEA AR K R A, B R, XHG
P RURAERE o, W ORI T R I,
EEIPEM T RS /NEREEXT 6 Fhbr Az KA AR I Y
R KBRS /N ER B R R B R IR
HR MEEAREER G418 BRI H F o 1
B, SRPLAE R AR 2 IR A - FEAARR &
()R FEFFIE, R I AN T J o — e A R R85 1Y 52
i) H- AN S B FL B S B IR B XU, (H2, B GF
U TR A B 25X 45 28 W A B 50U A F
FEMER D IR T I R IR A P A X &Y
TR B RE B REUROK A AR W B A BRI Y

ARCWFFE T 4% Z (ERY) Bk V0 B (ENR) Fl it
Jiie F B (SMIX)3 Bt T 32 A B A 22 %0 38 /) ok
PER R — M RON I T R IR A R RN T
TR/ INERBE I A FEME RN, SEE— 25 3 ad Pl
EERE Y BB A INA LR 3 R R,
T/NERBERER A BORTN B (MDA) & 1, DU R
PHX LR AR 0558 /N EREE T R BGENLIE, A
SR ARV BEIR A P A RAEIROK A I & R

AR PEPPAG SR TRk AR

1 ### 57 % (Materials and methods)
1.1 SEE A

S BT ] 5l /N ER I (C. vulgaris, B R 95
FACHB-1227)l4 H v [E R} e K A 2 Wi 58 iR 7K
PRI, BB, SEER AT R SRS BGLT 55 5%
B& WO R R AL BE R4S 121 °C KA 20 min
Ja LR BT R LS R R e (Ll Y
5T 99% ) H Dr. Ehrenstorfer 2 ) (¥ 4% 3 % |
), ot A R o e il EEALER Aot
JEEETHUV2000, 1 JEJE R Al Tecan £ T GE fi b
{¥(Tecan infinite 200 , Fi 1),
1.2 SEETk
.21 B3R 555 5%

HIA R PEFR 22 2 ~ 3 YR A P ol HL 33 0BT 26
e, BARERAE AR TR R EE TR B8 &) 5 423
50 mL A9 =i, I U2 KA =R 0, L
Bz BNNFE G H BB RN 2 Sl . SRS iE
AR BB RS SR AR (T M SRR B A FRA F D)
TR 1 ~2 d, iR HEEE N BT SR A EE B IR A R
FEQ6+1) °C ,JEIEIRIE 2 000 1x, ERE LA 14 h: 10
h, EEFFGY KIGFR AR HAE FE 10 ~15 mL
PR3] 20 ~ 30 mL BT EE BGL1 85 R fF
C. vulgaris &= W) & W W 14 22 I #c i W« B R Ak
M1 8 WYL BIHEAT PR . B IR LR ) R 4
FlEE 290 10° ANMI0/mL B9, ESER 353 ~4 d A,
C. vulgaris RViE A B0 A, SR FH I B 19 355 73
ATEEAE SIS SRR IR R e IR 3 ~4 IR,
FEFEHLIR N B AR 2R R RS 1 %
1.2.2 AW ryiE

BB RGEK B B, BRI A Y = — &R
GIEEWE ) FH I A 3 50 7E S A 0 R T A
ZH W A A, FRAE 680 nm R A GG
T b R R TR L ) S P T B P 4 %5(C.D.)
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XTI 6 BE (ODg, ) 1 L, 13 31 — Sk FrifEh£6(C.D.=
87.586x0D,,+4.3808 , R* =0.9969), It Ji5 H3 i il 15
A S I G B, RIVAT 1 S Y 0 B
1.2.3 iR EX C vulgaris (A EEE 525

W 3 B A R AR S 4 5 FH TCK < BERE
TR BE BIAREV VL, S50 PR AR I VROZ M 15 3]
— RN I R BE (P A R S, SRR Ik
TNEg  Fe SRR R BRI 8 7 S SE IR VR B (A N2 411
B 7 S BEIMAAE 4 /INT 5%0)F1 1 A~ Bl 70 B2
(I 5% o K < &Y, W EE 4 0,107 107
107.005.0.1.1.10 mg-L", &b FHEE 4 F
17, B LR 5% 96 h, 43 HIIE R 4 5 /024 96 h J5 680
nm YRR
1.2.4 RBEWEZEX C vulgaris BYBEA T2

G aE M S0 R AR SR M i 25 1 O =, AR FE T
BB R P SE IR 5T T AR T AE R X C. valgaris 1)
EC,, WEEME R 2E 2 FhPiA: KA 1E FH B iy 2R
WRE , HAW S Z6 470 5 B in 24 52 59 25— 3, 41
ISR FHERE B (TUY! Y AR B0 (AD"™ L K
RAFHEREEIEMTD R 2 FiA Z S
Bk, AT IR 1,
1.2.5 HEHAFEMN MDA & &AlE

MR G AF R AR 28 S0 LA R 9 R K 5 B 19 EC,
{ii , % & ERY ,ENR  SMX ERY-ENR  ERY-SMX #I
ENR-SMX 4k B 20 (%) ¥ B2 53 71 24 0.86 125 ,16.73
040 .7.58 Fl 1.41 wg-L", fii &4~ 4b BH 20 (4 25 P AH
2 AEINZY B 5E 96 h 5 BT, BN RE SR 20

mL,7E4 °CF 6 000 r-min" %50 10 min, 3545
W, A F I C. vulgaris DUTEINZEIE K I 2 FRah 3 ~
4 K, FHETE 4 °CF 3 500 re-min” ¥ B0 10 min, B
E, 40 B0 R ] BCA B2 F0 TBA kU 22 2 1 Al
MDA &t , BAK T i 32l m ot 2B ) TR
SR S U S
1.3 Hdgibr

G EISE T 43 B A SPSS 20.0 # 4 (IMB 24
Al 2 ), BB T 5K 2 22 931 (One-
Way ANOVA), Jf- HJH LSD ¥k [ %5 20 ] ) i 21k 2%
5, P<005 P<0.01 FRMAEREFEEES, 850
AR ECy, Y 2 VR B R R B A A e, 41 1)
FRIYAARVER, I 2K F Origin 9.1 {4 (OriginLab
5l FEE)Y DoseResp BRI THIA 15 H A9,

2  Z55 (Results)
2.1 PUEREX C. vulgaris 4K A9 5200
SR TR T3 e 00 & 1A 3R AL FR2H 1 B3 52 0 5K
PEHATEIE AR TR 2, AR SLEM TS ERY |
ENR 5 SMX ) 96 h-EC,, 43 %] K 85.7,124.5
116727 pg-L"', 1fi H ERY-ENR, ERY-SMX A/l
ENR-SMX W W B & B 19 96 h-ECy, 43 %114 39.9
7575 F1 1413 pg-L",
2.2 REVUEEX C vulgaris BBCETEYEREAN
KRN 25 0 7 2,3 M AE RIS
HEAT T 2VERE SR IR FH 2R B 2:(TU) AR
RECE(AD AR A R B (MTI R PPN HIK &

®1 3IMEAFSHITEMNAE
Table 1 Three methods of joint toxicity assessment
JrikZeRl AR YEFIZETY RPN bt
Methods Formula Type and evaluation criteria
TU,=C/ECsy; TU=1 #iMl Addition; TU>TU, f%# Antagonism
BEPERLLIL(TU
FERAIATU) TU= XTU, TU<1 PpA] Synergism; TU=TU, Zfi57. Independence

Toxicity unit (TU)

TU,=TU/TU,

f;max

HnAEE(AD
Additive index (AI)

TRA REMEHE Bk (MTI)
Mixtures toxicity index (MTI)

MTI=1-

TU <1.0, AI=1/TU-1
TU=10, AI=TU(-))+1

log TU
log TU,

TU,>TU>1 #4340 Partly addition
AT=0 /il Addition; AI<0 #54T Antagonism
AI>0 Pp[F] Synergism
MTI<0 53T Antagonism; MTI=0 J#57 Independence
MTI>1 #}[F] Synergism; MTI=1 #Hill Addition
0<MTI<I #4534H)N Partly addition

VELTU, RAEAY (RHEIARL U, R RPN  TU, s B A 5 ki MR R 0 (L €, Fm AL 9 1 BV  ECyp

TR 1 BB IR L

Note: TU; stands for the toxic unit of compound i; TU,

ax

stands for the maximum toxic unit; C; stands for the concentration of compound 7; TU,

stands for the ratio of the total toxic unit to the maximum toxic unit; ECy, ; stands for the median effect concentration of compound 1.
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YERIZEARL MGG R L3R 3, mitE g5 R— T L

FilL3 MR ER S T G B A A

YR EIE R

2.3 PUEEREX) C. vulgaris 55 F A LY R
HAPAE A AR WE 1~ E 3 Fis,

ERY 5 ENR B4 B9 MDA 7K i 35 T~ H Bt
AEHH (P=0.001)(E 1), 15 SMX B & 1A BT
R EHY(P=0.022); ENR 5 SMX Bt A i} MDA
SHBEE T ENR A4 (P=0.007), {H B E KT
SMX AbFRZ ) MDA & & (P=0.039)( 3),

BR ERY Xt C. vulgaris # H & BUR B 0 HIVE IS,

HAh A 20 48 A [ B B i 42 28 T, o, SMX 160 V& A 5 B (Protein contont)
ERY-SMX il ENR-SMX 5 B % 1 % W8 241 (CK) > il ~ 1401 *a*l:lMDA/F‘?%(MDA content) ", i\—g
A6 5 E 2 5(P<0.01), ERY 5 ENR SR ¢ T8 + B . ?‘T@
vulgaris A R | U5 ERE IS B2 N uRERCLE
Hi(One-Way ANOVA)ZE 42 W] ERY 45 ENR 68y 22 :z i 2 s m%g
PRI 11 b L B2 5 25 s
(P=0.089)(E 1), 115 SMX BEAIAFAE B #ME2ESR £ 185
(/51 2);ENR 55 SMX BRI A S B B & T ol L] — Loo
CK ERY ENR ERY-ENR

CK .ENR F1 SMX AbFRZH (K] 3),
2.4 HUEFER C vulgaris MDA ¥ B H1 E‘;Yﬁ*” ;;R H*”ﬂ?‘ i,] ;“’g;ffs b
- . L o 5W ZEB(MDA)& 2R

3ﬁh$%ﬁ C. vulgaris MDA 3 IR W1 9 55 i‘f;KEJ?ﬁﬁéxﬂi‘ﬂgéﬂl‘ﬂJ%Eﬁi%‘#ﬁﬁ(kQOS)O
AR fUENR 41 MDA LT CK ’ Hfturr 4l Fig. 1 Joint effects of ERY and ENR on protein and
MY T CK 4, XULIAEMRIRE (125 pg-L AT, malondialdehyde (MDA) content of C. vulgaris
ENR Jf-3H X} C. vulgaris ¥ i 5 69 A 4L 3205, i
HoAth 2 g A= Z WX C. vulgaris Y5 T £ 43 .

Note: Different letters show statistically significant differences

between treatment groups (P<0.05).

K2 FREMEEX C vulgaris FWEMEFEMRER
Table 2 The results of acute toxic tests of different antibiotics on C. vulgaris

AR T AL 96 h-ECs/ 2
Treatment groups Fitting formula (ng-L™h)
ERY ¥=933+36.88/(1+1070781.07+x)y 85.7 0987
ENR y=12.46+23.92/(1+10°0609+x)) 1245 0.997
SMX y=14.70+55.70/(1+10°72022-x)) 16727 0.981
ERY-ENR y=12.68+104.69/(1+10 19504+ x)y 39.9 0.998
ERY-SMX y=11.61+80.02/(1+10046012+x)) 7575 0.990
ENR-SMX y=-721+8487/(1+107030857x)) 1413 0.989

E:ERY .ENR SMX 7} I3 7R 408 R B0 2 (i 1Y %M ERY-ENR  ERY-SMX ENR-SMX 433l 78 2155 R AL RIA VY B L08R AR

AL B U BRI Y FR IR

Note: ERY, ENR, SMX stand for erythromycin, enrofloxacin, sulfamethoxazole, respectively; ERY-ENR, ERY-SMX, ENR-SMX stand for the combina-

tions of erythromycin and enrofloxacin, erythromycin and sulfamethoxazole, enrofloxacin and sulfamethoxazole, respectively.

K3 IHALEETAARSHNERSEHTINER

Table 3 Joint toxicity evaluation results of three antibiotics combined in pairs

AbBEL B HAI(TU) AHIN$E RG B RG I
Treatment groups TU TU-1 TU, TU-TU, (A FEETEMTI) Type
ERY-ENR 038 -0.62 197 -159 1.64 243 W3I7] Synergism
ERY-SMX 0.85 -0.15 198 -1.16 0.17 123 PplA Synergism
ENR-SMX 0.16 -0.84 199 -1.83 534 3.68 P3IH] Synergism
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Fig. 2 Joint effects of ERY and SMX on protein and
MDA content of C. vulgaris
Note: Different letters show statistically significant differences

between treatment groups (P<0.05).
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Fig. 3  Joint effects of ENR and SMX on protein
and MDA content of C. vulgaris
Note: Different letters show statistically significant differences

between treatment groups (P<0.05).

3 i} ( Discussion)

AR S 3 2 AR KA £ s B9 4G R T Origin
9.1 #f4h Fit Sigmoidal 15 () DoseResp 17 | #H
FeMF 5T L BN A HE T WeiBull DA & Logistic 15
AR S S TS S RTEE SR TIAEK
BUEE . M 3 R4 R X C. valgaris 96 h A= KA 52
AL R (R )T IA H, ERY X} C. vulgaris 1)
EC,, {HE/N, B HXT C. vulgaris (A4 KA 5
W1 ENR ¥z, SMX il /E e/, ixX W] 3 Ff
YA RN C. vulgaris (45 £ ¥ 29 ERY >ENR >
SMX , 7 A 3 a1 2 S 19 it XL AT e R R A Rl e

XY C. vulgaris WITEHENLRIAN R, A5 25 2RO
5% 1 ENR Fl ERY X 4l 4 G 28 3 AR KA 52 mil, & 30
ERY XoJ il £t {2 i %) A= R S A T TR 3 S5 AR 52
W —3, CAMRIRE SR, BEERY 40K
R (AgNPs)" F1 & A SR B3 €. vulgaris 1) 96 h-
EC,, /35142008 .1.11 #14.88 mg-L", MiZHF5E th
3L FE X C ovulgaris ) 96 h-ECy, 7F 0.086 ~
167 mg-L'YEEN, &M C. vulgaris ¥Fix 3 Fpoi 4
ESOR ) i

HATHFIE — iAW I AR FH 3 ok >R FH 1
35 1R AINAE F (addition) | B[]/ (synergism) |
FE U H (antagonism) A7 57/ H (independence)™
T AP SR AE T P R A0 ] 3 a2 A K 3 b A ] s
Rl T e S 5 T I N e A
RIMBTAE R ISR b A Rl OR A
T RAEAE TR A PUE R A #EHEE A2
RIS AINYERT . Yang SEPE5E T 12 FlOR R 26 AL
P Z X H 2 i (Pseudokirchneriella subcapitata)
A TR, BRI R R B AE RIK A 15 8] T AN [H
RS VEIEE R . RS A R Z WA AEAR I
FH T ST RS 22 18] R IR N EEE Z (8] DL S DU PR R
RZIARI P EIE -] . ABFFE 45 R B8 ERY (R
I ATRZE)  ENRGEE TR 2S) DL K2 SMIX (i il 2% )
PRI VR RSB R T R E (R 3), H 3 FhEM
Tk g R —3, XRAAMUFZE AR ZHRA
REfl 7 A PRIV E T, AR AP 2R By br A= REK G T fig
FEAEPMRIVER X B R LS I TR A R P AR R
IRG ZJa HBEE T RE 2378 K, B 250 AR AR R 8 7 A
T E A, A RS RIS e gk — S
B (CTAC) 5 Z ¥ 35 12 58 B (Flu) X /N ER B R 5 2
PERE Flu #5204 T 55 i PR 1) 3800 37 A 4 b son;
ASAUBEGE T 2 Mo Az R AE# VN 25 13K & 2R,
A AR BEPERC L BT AE B X C. vulgaris BOBR A 5
PEA TR —PRTE

R, R 25t R ARR I “ AR w4
(%) Hormesis 2500 ), Qs 25 25 SOV iE 5 i AT vk JiE
(20 wg-L ™)) ENR 1 ERY FE % XiF fiil &5 o 2 42 1) 7
FIE R AR HEVE T, MR T 20 g - LB R B 410
HEH . WA E A& 2SR LUE 2
ERY AR 1323 1 4], A & 20 55 00 BR2H A
LA AR AR BE A 1, AR o B kM B B
RAIEZ NP R MEIENZ G 27 4 — Mt
PR Y AR B A v B (PR R ) Bt A= 2 411
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PRI oA AR AR . T ERY 2RI XS
C. vulgaris £ [ W40 61 VE FH AT fig 5 2 AF FH HL B AH
5%, ERY RS 5 MR 508 03454, 10l Ik mk 4%
RO TR P | Wy R A A A<, AT 00 i 40 A 2 1 o ) 5
WP, 3 H ERY X C. vulgaris 35 F 30 /F FH AT 6
Ca@th T Lk rME R, N TR T C. vulgaris
X AP AL, X R PR B Y ERY HAA BR
AR, NFE 1 Al L Y, ERY 5 ENR B(A
AR 2R 1 e A A R SR T 22 ), HL 5 0 B2
AHECA /NI B 380, 33X 3R TP 5 3K 5 BF ENR Xt C.
vulgaris W2 FEVE AR 2] T £ FAEH ., i ENR 5
SMX A i () 28 7 34 B 25 s TR A AR
XA IS R A P RIVE AR — 2, 3R BT 2 K
GIEXF C. vulgaris B 50 B P

MDA &4 ¥y 14 N g 5t iot 4801k 1) T 22 7 9y, il
B T R A IR AE 32 B 0 SR 0% 200 f A A
Pifg eSS FEARBE ST ERY 5 SMX BX A B 1Y
MDA & & W (K 2), 33 -5 080 3 R £ FH AR
— 3, FEBH A T B 23 0] T A0 i A T R ) AR
fE #1453 ; i ERY-ENR I ENR-SMX &b F £ (1% 45 S
I BRIVE A — 2, 3 0] gt TRk B2 1Y
ENR -8 XT C. vulgaris 1 1™ 5 1Y A AL 551475, A
MSEE 5 HAMAPTAERK S MDA & & 54
HGRA -BWH L, 7 AU ER R
JE0.01 pg- L) B 08 25 (TPA) % 7K A5 4 6 1)
MDA & AR X AT SEH ENR L9 4G
SAEARL, H B i 0 G 0 5 DR T e Pl TRV B 1Y
ENR Jf AN DA A5 05 Sy 3 2 18 A48 A 40 i) 35 40
A K M SERFIE 0 ENR (90E FHALER 35 22 1 )
DNA Jie % B i) PE | 1% B 7 5 A% 22 ) DNA % 5%
A 0k v ke B i AR IR 5802 A
REKG RS — RINE R HAEH , P2
], P BEAETE— R AL 2% R, X 26 5 R AR FH AL
P TF R E— L A s A TR R P2

BIEERN . E Y F1966—), B, #ig, 2 RT
W) ARBEALT L F 4, KRR FREIN0 4%,
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