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He W ( Scenedesmus obliquus) BFEET  WFFE T AR (0,200,400 ,600 . 800 1 1000 we/L) B35 55 Z AR 46 & 4 A R GE 12
BRI, S5RFN], 558 T B BELLR LG, X4 55 5 2.0x 10° 4S4R8/ mLL 15, 200— 1000 pg/ L. #9758 440 B2 v
B LR A R AN AT R] > BIAE K T 40.67%— 70.67% 1 34.04%—50.23% ( P<0.05) , A 5 4 F1 Py BLIG KR40 IR 2 T
204.35%—358.70% 1 36.26%—62.09% ( P<0.05) ; #4854 (1 R AR T 9 35 50 25 AR 55 B2 x4 HUFET 2B BB AR RE 1 K Y 42
HEMESE . 1.0x10° - 40Hf/ mL A RVEMHE T ,400 pne/L 97 B R 404 4 B iy A R K T 21% (P<0.05) ,200—
400pg/ L H 75 25 Z A Ak BE2E oS B AR AT FE G T 23.15%—33.13% ( P<0.05) ,200—600 1 1000 we/L H) 7 55 2404t 3 4]
i RS E R R A THE T 40%—81.05% F1 41.05% (P<0.05) 30 4.0x 10° /4 i/ mL B4 M2 BE T, 4 75 & Z it 34
AT AR AT R A SR S0 IR 2 (] TC 1 35 PR 22 5 (P>0.05) 8 BE X 50 HUAY AR A B8 0 AR A A LI R
GRS R EA WML (P<0.01) | 7585 3 40 R B X0 A B HH AR R] | 74 A 49 25 R P 0 R 38 LA 35 PR R i ( P<
0.05) , %% & 175 % R AN 2 1) 38 ELAE PG R A4 A R 2B o3 R D B R et FLA B 3 MR I ( P<0.05) o TESE50
T TR 2 AN TR A 1.0 10N 0L/ mL 35 %% 1B T 48 s A i R AR ) g 2B A R S T R R A I B HA
FEHF N R (P<0.05) 52.0x 10° A/ mL SE8E R, 5 H il A= A 1R AR B (R R P B 4 o3 15 7 5 A VR i 22 [ 3
HAT 2 —00 R (P<0.05) o AW S5 RAR/R | FREEAR DG VR 3 1) 75 55 2NN S 0T S0 RE R 40 e (9 A7 1% 2 G R R RE
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Abstract: Antibiotics are commonly used in human medicine and animal husbandry for the prevention and treatment of
illnesses and the promotion of growth. Due to high consumption, incomplete metabolism and continuous discharge,

antibiotics are frequently detected in the aquatic environment. Resistant bacteria and genes caused by antibiotics are
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receiving considerable attention, but the sublethal effects of antibiotics on the non-target organisms, especially the aquatic
organisms, should be taken into consideration, due to their important role in aquatic ecosystems and their potential
sensitivity to contaminants. In order to understand the chronic toxicity of antibiotics to aquatic organisms under different
algal food densities, the freshwater rotifer Brachinionus calyciflorus was used as test animal to investigate the effects of
penicillin sodium concentrations (0, 200, 400, 600, 800 and 1000 pg/L) on its life-table demographic parameters under
three levels (1.0x10°, 2.0x10° and 4.0x10° cells/mL) of Scenedesmus obliquus. The results showed that compared to the
control under each algal density, and when the algal density was 2.0x10° cells/mL, treatments with penicillin sodium at
200—1000 pg/L prolonged life expectancy at hatching and generation time by 40.67%—70.67% and 34.04%—50.23% ,
and increased net reproductive rate and intrinsic rate of population increase of the rotifers by 204.35%—358.70% and
36.26%—62.09% , respectively ( P<0.05). Both increase and decrease in algal density decreased the magnitudes of
promoting effects of penicillin sodium on survival , reproduction and population growth of the rotifers. At 1.0x10° cells/mL
of S. obliquus, treatment with penicillin sodium at 400 pg/L prolonged the life expectancy at hatching by 21% , treatments
with penicillin sodium at 200—400 g/ L prolonged the generation time by 23.15%—33.13%, and those at 200—600 and
1000 wg/L increased the net reproductive rate by 40%—=81.05% and 41.05% , respectively (P<0.05). At 4.0x10° cells/
mL of S. obliquus, however, penicillin sodium concentration did not affect any life-table demographic parameters of the
rotifers ( P>0.05). In the range of tested penicillin sodium concentrations, and at 1.0x 10° cells/mL of S. obliquus,
significant effect-dose relationships were observed between life expectancy at hatching, generation time as well as net
reproductive rate and penicillin sodium concentration, and could be described as y=—-6.07x107x*+0.098x+ 62.629, y=
-4.10x107°x*+ 0.041x+52.55, and y=-2.640x107°x"+ 0.042x+ 5.238, respectively. At 2.0x10° cells/mL of S. obliquus,
significant effect—dose relationships were observed between life expectancy at hatching, generation time as well as intrinsic
rate of population increase and penicillin sodium concentration, and could be described as y=-6.187x>+0.098x+ 51.464
y=-3.821x107x>+0.054x+ 45.679, and y=-4.389x10"°x’+6.417x 107 x+ 0.037, respectively. The present results
indicated that penicillin sodium at environmental relevant concentrations would not significantly affect the survival,

reproduction and population growth of rotifers.
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HABEEMEA, A LA 70 4RGR 2 0 TARESFBEE Y ) e h ik, s U Z ikt
Yo e RS M E O — el e RS KR U E R EE M ERLAA 2B LR
SRR (1) 12.5 me/L 5EEE 250 F1 500 me/L (9 ER R FUVR R 1) 0 3 (2 E 48 90 R 56 L ( B. plicauilis ) 1)
FRRERE K VR BE S T 50 me/L (55 2 F1 750 me/L 1R R 8UVR 198 Y2 10 35 0 m I /E I ) 6.25 me/L 1)
AEEMLAEZE™ 180—200 pe/L [ TEIT (Fluoxetine ) ' I 30—90 me/L [1EhHE 175 2115 4534 1 41 i
AR AR K MW T 12.5 my/L MARBERMAHEZR" WERT 230 wy/L BIFRVEITT
( Fluoxetine ) (41T 180 mg/L E@ﬂﬁ&i@?ISJ%ﬂﬁﬁﬁﬁgﬁﬂﬂiMlﬁﬁﬁo (2)7F 2.0—10.0 mg/ L. PRI 3 51
FEIP , FAESF ( Rifampicin ) 35 H A2 UF A0 R 48 BRI BRI ' L (3) #F 5.6—2000 mg/ L A3k B i Fl
M, 1Y 2000 mg/L E‘Jﬁ@ﬁ%ﬁ%%‘?( streptomycin sulfate) & ShER PR Z ( tetracycline hydrochloride ) FI% A1 R 22 Ik 75
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# (tylosin tartrate ) {25 1 il 2 A6 R 40 HURIRE 40 R 48 SR AR R K70 S 7E 50—200 wg/ L 118 038 v J3 31
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B, R EHER GONTRR) MBS S IE BN EL B0 22 [ B 1 20 7 55 00 TR W0 A B AR T RICR
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NaHCO, .60mg CaS0, .60mg MgSO, Fil 4mg KCl ¥ T 11 ZEME A b Be il i k> B FH AR M 28 HB-4 1553
FPVEFRR) A TAEEON KA A A, B O WA I 2 WO RUS [T, IR ET, B IUE T (25+1)C |
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43528 1.0x10° 2.0 101 4.0 10° AU/ mL F9AHAE B I 5 4 OB SR — 1k, () sf 3 3 2 Bk — 3 4 A 14k
flide RURP B IR 2 b TR BN K0
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P BRLPR ZRT7 2253 BT (one-way ANOVA ) FIZ 5 LA (LSD K5 ) 4317 25 T B 2% Mk BE AL LA 5 25 0k B2 ) 11
25 R TN ZR 7 25 0 Mk 7 2 RGN FEE R A Bl 4 T S S AR X e U e R 7 5
KR 535 FHAEAT 0T B Log-Rank Jp M 45388 565 B 4% 7 B 2% MM 12 Ak LA 58 1R 77 305 3R 5 0 4 22 ] )
ZESe AR R AR A A R AT A S B B R Z AR BEAT [0
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2.1 ORIRIHESE BT 7 8 2% N VR ) 4t A7 T 23 A SR 11 5 )

BEWELET R HRZE AT 5 4S5 55 22 Bk BE A BILZH 25 A0 R FR A0 LA R o A I A7 105 38 RV S8 A 1 BT
WME LR, SEEET &5 8RR XA R4S R A5 3 T WM (P > 0.05) . Y%
9 1.0x 10°A 4L/ mL i, %6 G S0 R 1L 200 pe/L A5 85 IR h R e, o 5.27 NEC (M) ™
(12h) 7" MBS 2.0 1041/ mL B, 48 B ) B0 SR 7E 800 we/L BT 8 R AN i,y 4.67
AEAR (MR 7T (12h) 7 MBS RE N 4.0 L0°AN4IL/mL B %5 () BB R (A AE 1000 we/L 1975 55 2 AMA
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2.2 R[ABREEE T 7 5 E AR X S A R G A SR R

ML R 1.0 1000/ mL I, 75 55 200k B A0 R R 40 He i A B B AR i) g 2 5 R 34 L
A WEF(P<0.05) , 5XF B, 400 pg/L 78 R HIALFLZH b4 o i) A= i 3 22 B 35 SE G, 200 T 400
pg/L 7 8 2R GAA FRZH rh e Hed AR ] 25 SE 4 (P<0.05) ,200—600 F11 1000 g/ L 75 %5 2 HAL B 4 e
AR B R E AR (P<0.05) (KR 1),

P TE R 2.0x10° AL/ L B, 7585 3 AR B X 40 4 2F A B R TR B TR] e A B 30 R Py B K R
P EA BB (P<0.05) . S5 B, 200—1000 g/ L 75 55 2% h Ak S 2H b s 10 25 A 301 28 R H A B 1]
AR (P<0.05) , AR B 3R Py B KR B TR (P<0.01) (£ 1)

PN 4.0x10°A AL/ mL B T8 2 ARk BT R IR T AR A R AT T SR T W S e (P>
0.05) (£ 1),

XUR 7 2 W R i W B x4 s i AR A R VA B9 D BTG KRR 5 AR TR 30 R 38 AT 3
PESZI (P<0.05) , T %5 3 ARk B2 X4 i (0 tH AR 18] v A B R N B RORO 1 35 M R ( P<0.05) , B %%
3 VT B 2 AN A LA R H G A A B v B SRR D B R AT B SRR IR ( P<0.05)
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Fig.1 The age-specific survivorship ( filled square) and fecundity curves (open square) of B. calyciflorus exposed to five concentrations of

penicillin sodium and three S. obliquus densities

2.3 AFREYIEETREAMGRET A28 E R R IR R 5C R

WIS T 45 R R, S8y 1.0 102/ mL I, 7585 28 GHHR B2 5 40 B A= 12 A [R] A
Ve HE FE AR ] 2 ATt R RV DGR Y B N 2.0x 10 L/ mL i, 55 25 3% Ak BE A5 48 R A i
ST A TR A P B AR B B B A5 — RO G R (R 3) .
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F1 FAEARYEENEBRNRETELERRREGREITESH (W ARER)
Table 1 Life table demographic parameters of B. calyciflorus exposed to different concentrations of penicillin sodium at three S. obliquus

densities ( Mean+SE)

FHRRWE

ot Pencilln AW LI PGS iR
Food density/ sodium salt Lifeexpectancy Generation Net rer};ziucnve (I);n:;::ldr:fl me:::;)ln of
(N4 mL) co/n(cingt/re:l)on at hatching /h time/h ORAE (HEHR) ) inerease/h offspring
1.0x10° 0 80.0+0.4 50.1+0.4 9.5+0.1 0.0506+0.0003 0.03+0.01
200 89.6+8.3 61.7£5.2" 14.2£1.9" 0.0551+0.0006 0.04+0.02
400 96.8+0.8" 66.7+2.0"" 17.2+1.0*" 0.0514+0.0006 0.03+0.01
600 86.0+2.8 59.6x4.1 13.3+1.0" 0.0518+0.0017 0.03+0.01
800 75.2+3.6 55.0£2.9 11.6+0.4 0.0515+0.0006 0.02+0.02
1000 81.6x4.2 55.9+1.3 13.4+1.3" 0.0560+0.0024 0.02+0.01
2.0x10° 0 60. 0+£3.0 42.6+1.9 4.6+0.7 0.0364+0.0036 0.00+£0.00
200 87.6£13.4" 61.9+5.0"" 14.0£2.9** 0.0496+0.0030 ** 0.02+0.01
400 84.4+1.1" 57.1x0.9"" 16.7£1.4*" 0.0577+0.0008 ** 0.03+0.0
600 101.6+6.2** 64.0£2.6"" 21.0+1.3"" 0.0589+0.0009 ** 0.02+0.01
800 102.4+7.7"" 63.0+3.5"" 21.1£2.0*" 0.0590+0.0011 ** 0.02+0.01
1000 99.6+4.3"* 62.1+1.6"" 20.8+1.6"" 0.0589+0.0013 ** 0.02+0.00
4.0x10° 0 84.4+8.2 56.6+7.9 7.4+1.2 0.0382+0.0014 0.02+0.01
200 82.8+11.1 59.0+9.6 11.2+2.4 0.0490+0.0016 0.00+0.00
400 75.6+1.8 51.0+4.8 11.0+1.4 0.0572+0.0063 0.00+£0.00
600 74.0£5.1 53.3%£2.5 10.3+0.6 0.0488+0.0025 0.01+£0.02
800 79.6+£5.2 56.331+4.6 10.8+1.8 0.0476+0.0012 0.00+0.00
1000 63.2+2.9 50.1£2.2 9.2+1.1 0.0476+0.0029 0.00+0.00

w /% o SR — YR T X A A W EE R (+ P< 0.05, = * P<0.01)

®2 BYVTENSEEMRENEREERREGRE TS BRI WA K7 25091)
Table 2 Effects of food density and penicillin sodium concentration on life table demographic parameters of B. calyciflorus (Two—way ANOVA)
280 Z R ST i ¥575 P P
Parameter Source SS MS
He iR BYEE (A) 1488.85 2 744.43 3312.70 P<0.01
Life expectancy BREMEE (B) 1016.13 5 203.22 1.82 P>0.05
at hatching AXB 4695.47 10 469.55 4.19 P<0.01
Error 4032.00 36 112.00

A ] YR (A) 183.56 2 91.78 1.73 P>0.05

Generation lime HE R (B) 672.85 5 134.57 2.54 P<0.05
AxB 1003.95 10 100.40 1.90 P>0.05
Error 1907.49 36 52.99

e BEYEE (A) 365.46 2 182.73 26.83 P<0.01

Net HRRMKE(B) 413.30 5 82.66 12.14 P<0.01

reproductive AxB 343.27 10 34.33 5.04 P<0.01

rate Error 245.17 36 6.81

B R BYWEE (A) 0.00 2 0.00 7.10 P<0.01

Intrinsic rate of population increase TR RN (B) 0.00 5 0.00 9.20 P<0.01
AxB 0.00 10 0.00 2.45 P<0.05
Error 0.00 36 0.00

EEARIES &S YR (A) 0.01 2 0.00 13.07 P<0.01

Proportion of sexual offspring %%%%ﬁ(&)ﬁ( B) 0.00 5 0.00 0.88 P> 0.05
AXB 0.00 10 0.00 1.31 P>0.05
Error 0.01 36 0.00
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®3 AARVEBEETZERERRANEGREITEZSHEETERMRE (no/L) HIHWXR
Table 3  Relationships between life-table demographic parameters of B. calyciflorus cultured at different food densities and penicillin

sodium concentration

Y E 24 EYE P i PR
Food density/ (>4 ffl/mL) Parameters Regression equation Significant test
1.0x10° A y==6.071x107x%+0.098x+62.629 R*=0.614, P<0.01
A [A] y==4.1x107°x%+0.041x+52.55 R?=0.352, P<0.05
Ay B y==2.64x107x2+0.042x+5.238 R>=0.826, P<0.01
2.0x10° AN e y==-6.187x%+0.098x+51.464 R*=0.548, P<0.01
AR ] y=-3.821x107x%+0.054x+45.679 R*=0.587, P<0.01
PN B R y=—4.389x1078x%+6.417x 10 x+0.037 R>=0.866, P<0.01
3 iFig

3.1 e HUETG CESARRESE R XA 3R TS e B RLAK SR

FLARIRMR R 0 2R B B T 8 78 g/ L—wg/ L, PUMCER SR A SR B2 A9 470 A 30 00 e HU RO A0 | A= FE A0 Rl R
B AR TE R ST SR, BRI FE BT AE R AR A B M R A RN .
EHGEITFEE AR FE N BIEH T N, — e T Bl A A0 A R X8 AT A FE RIS < A 52 1)
SR BB A AR AR T A =R R, B, — R RIRBE S R R IR A
PRASIREE R RIBT B PG AR 0 FR A e FURE FR 4 ORI 450 R 0 S5 1 A7 0 A FEURIRD B K
HAMEINE , B TSN B (LOEC) St AE 3R ANGe R R IS A 3¢ . FLUK, — o B2 Y L P4 A M)
P RS RO RN R R (CRBESY) XEAE R R A AR AR AR R B R B R,
VR E ()RR 1 85 R R A T AR B AR R A e B AR s T R (R 4) o BT RN (IXT
Araujo I McNair' " B T SRR B 5.6 mg/L) YRR b B 50 RIT5 8 R0 (AR DS ) X 24k
T G AT AR SRR I T BAT A EVE T, LB vk B O BTG B 2 3K SRR DU R 3R T A1 AR 28 2K
R BSEPEAR T AR R LA R AT A R R AR A GE R RN R T A A4 A AT
IR A T BRI AL XA SRS AT AR KR Y B SR . SR X — AT R B X B
22 PP AT AE 7 B 10 I e S8 R £ 0 3 S TR AL R A T I AR 52
3.2 PUARERE A CEFE AR AR S B Z AR S R

A BFTEAE AR, SRR s A A B, o 258 0 o B8 T I T SR e e AT 2 SRR 3
KAGEIE 2 Jiang 45 (ORFFEL R B, P AF R 8 5 (2.0x 10° AL/ mL ) ALREAR T4
Y TE R IR % FN A RS FR A A3 | AR SRR AR 1 A 400 o P T2, i LA vy 1 vk 2 o 4R 1R - %
FOM AR R A BTG AT AR RS A G BEVE PR . AT, rh SR A REE A 8 B R = T B
JE I T R 0T SRR R A AR AR BRI K A (R VR R B L R 551 W5 R SIS VAR 2 1 ) A
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