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GESBAEEAR BERE". PVCHKE 7250 mg/
L, WRAK/NEREE I 28 3K a s BT FE55.23%; £E I &
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H A fC R 1 B 11 R0 52 i B A 22 4R AR I
BRI, AR K AT R D o B R K K AR B R
W BT AKAR . BRVC SO B3 T vl aE
] VA R AL T S A WU B B Rk, A B R
Fe E R K B (R IR K), 351.36%10 A /km ™
Tl IR0 7K AL W) B 5 W I T AN 2R B, Rk, AR
9T AR DO R R K A R A K B
WA G RIS N, . K AYR (Daphnia magna) & T
W] BN AR AR, EIRKES RSN
Y FRAEA A RE RS AR B EEAEH, T
TS M BUR M B, I A e A
FEMY L K5 G AR I B ] s R K R bR v sz et
A S 6@ W R (800 H IPVC) % 82 J5 Xt K
TEA S HEE. K. BHE G KIRE LR, N
TRIBRN PV C) R XS ¥R 7K AL P (O 2 8% ) ) s i i it
BB .

1 #R5RZE

1.1 KM

KRIEFINERPE(Chlorella vulgaris)>k H H
REEBK AV T HT. KANRIREAE H A2 N20 cm
(R 325 B B s L, B T 6l E(L D) 16: 811
JEHERTFRAR T, YRR 3000 1x, HHE N(24+1)C,
FER 10 M B /R, IR 2d B0 B H SRIK
B g% . BRI AT 24Pk PR OR 1R AR Ay 77 5 1) BE R
FOMORE %, BRI A bR bR . kA
800 H (15 um)HIPVC, 4 H R 56 T i R YB IR R
FRA A
1.2 #EMNANSEY

%#0ECD! "4 77 1, IR TR, M4t
HIK#40min 1400 mg/LEIPVCEIFIN, MK IKH B
0. 12.5. 25. 50. 100. 200 F1400 mg/L {4 2,
it NCK. A. B. C. D. E. FH. KB4 EH,
BEN AR N 5 K 6—24h 28 3 11Tk b B 1 4 7%
fE24h. 48h. 72hF196hiCRANEHIFET- R, LI
REFE PRI, AR
1.3 OFENE

Z b o6h ity Stk kA B, il A AA R B B
(SZ61, BAREHr, H AN 2 ALk 32 H 1 KA
BT 60sE A7 WISRAR, SR 5 A0 F T B s 0] s A5 45
FHAT R E R sh B v, AU IR,
PG S R Y /min™
1.4 BRENE

ST %, 96hi A METETEAL LS, 4
RS /NEREER RS IR, R Bk o £

[ 7 900 8 /N BR R B T . /NBRE ) UG B NS5 %
10° cells/mL, S0 T #HA5 E B -4 5ha T BV R
MINEE . SEPHEEINE HEEERO):
InCy—InC,

t
I1=+/C,C,;

A, DB B2, P3RS R B 3% 57 T (8] P 45
) 4 20 W BB, BT Ry cells/h; Co 9 T B W 4R 5%
FE, FAL Acells/mL; CoNHETR FI B &5, BN
cells/mL; LA 8], B4 Nh; AARIER T
1.5 BEENE

SEWRE 7, ¥6—24h HRE T AFIK
FEZH(0. 25 50, 100H1200 mg/L)4bFE96h, k5
AR, AR . 96h Ja s RALRIEH,
A FE L BT A, H86% A 2Rk, k3 K,
TEPEAR LW /K 43 JE AR, K5 KA AL g:9 mL )
EL AT 8 8 6% fty A= B £h 7K, B VK FH 20 ¢ 85 21 3¢
513 221K 22 )5 LA10000 1/min 4°C R 250310 min,
WetE EWEWR, 3 fE 80 C UK IR AE & . KR
Ak (B R AE ) AT BT I SOD (B & Ak
VI ACEE) VS PE . GSH(E B H Ik S AL Bl ) 36 1
PP EARSE.
1.6 RERE

TE96h S EE ML 5, F HL e NS0 SRR (/1
BREE) 150 mLGer i o BEANBERR Rl R, BER
T 2 R B, BB R B 1K, B R0 s R
B FETB. PR AE L. MR KPR SRR K
K21dBFEAK
1.7 PVCHHIRIE

96h o B A3 5, W A NTE K. 1R
85 F0. Thy 4hFl16h3A MR, W% & K HE H
PVCIPit#E .
1.8 HIEAIE

Excel HEAT # 4 B BN 2 1K, SPSS17.0iE47 %
FLA7 (Probit) [ U543 #r A 5L KT 28 T7 22 43 #T (One-way
ANOVA); Y77 ZABAFHN, B R 5=
5% i Tamhane’s T2 Dunnett’s T3(3)K: 5. 4
gE ISP EAbRE ZE ROR, P<0.0S N B E M ZE 5,
P<0.01 %R EMEZER

2 4

21 PVCHAEZENAMBMEREORFMBFERE
oA

96h LCsofH N130.132 mg/L, 95% & {5 X A A
82.864—234.989 mg/L. BT %L, KA 24—
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A8hI BT AR, 72—96hFE 1k ETF. Mk E N
400 mg/LI, E96h&NIF 4 #BAET

E B 1 96hIT, K 388 (140 22 I A4 VR 5 ) 386 A
M. HBEHWKE 50, 100F1200 mg/LI,
L6} B A A b A I 35 M 22 57 (P<0.05); BRI B2 41
(12.5F125 mg/L) 5XHZHAR L, O TR EWZEF
(P>0.05). HALFEL 200 mg/L, KEF O F
o IXTBEHIPVCHFERK, X H O R MK

TR 27, KBS B4 2 5 0 IR AL AR B, 351
TR . MACERA IR EN12.5 mg/Li, AbEEZH 5
X REZH B B R T B 22 7(P>0.05) . M AbHH Ik
J£9200 mg/LI}, 35 £ % B2 /N A(1.236x10+0.101) cells/
(ind.h), 5% HE 4 (38 A 2(1.772%10%£0.040) cells/
(ind.-h)#H bb, AR W2 P2 7(P<0.01).
2.2 PVCXHARELGEMAEERIF M

1EE 3arh, MALERZH IR FE 2200 me/LET, 25
S 5% 9(0.228%10°£0.080) mg/L; AbFHLH A
100F1200 mg/LH, 5 X HEZHAH b B A 6 38 1 22
(P<0.05); HAhALFRZH 53 REAAH L, A B 1 2=
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Fig. 1 Effect of PVC on heart rates of D. magna (*means P<0.05,
the same applied below)
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Fig. 2 Effect of PVC ingestion rate on D. magna (**means
P<0.01)

R(P>0.05). Kl 3bAbEE A A GSH 7 & 5 X HE
AL 2T R s LA R T #8200 mg/L
i, 550 B ZHAH b A IR 25 1 22 57 (P<0.05), HL AR %A
Y76 B2 M 2 5 (P>0.05) . & 3cH AL EE AL ISOD
()35 775 % B4 AH Ll FEAS B3 52 (10 388 n i T v
A TR R A R EE 200 mg/LIs, 5% BE A L B A
B EMEZE R (P<0.05), HAl A RA BENZ R
(P>0.05). XUt B KRR a3 5, M N B R 2R
FARIAE AL, H A AL BB
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Fig. 3 Effect of PVC on protein content (a), GSH content (b) and
SOD activity (c) of D. magna (the same applied above)
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HR T T MR, 2 2 AE TR L T 4R AR K B
PR K, T HLE o> AR R AR B2 2 1dBERE
K et R 4 %
24 KREEREAREREHEHPVCHITER

Pl 4 e ) Ak 2L B 5 L 37 K PR R B TR) SiE
K, KAL) 38 150 T4, {2 2] 16h 475 K 4 H HE
W FTA TSV NE KPR HR 5, BT
AL PR AR a3 — 3. ELHAEORN, BB &6 A
Thi, KSR R LA @ 20, M B3 2 ; 4hi,
WA TR BB, 16hIN, KA 718 N A
WD, AR B2 A R,
3 g
3.1 PVCHRENZODERFMBRITANEI

ARSI A TR R U ] 2 96h, RehseZs 4
HORBREAE L um AN AR IPER 5 T, 24—72h[1)
KA SN 45 AR T96h 45 . BN e
W) S ST S S LR O A AR AL, AT TR O R
HEAT T 5E, AR A O R LA B LA, R R R
FPVCHAEIH I KRR DR ZE T W . AR
Oy FHE L 2 B FC 3 0 SRAK Y L IR AT e A
SRR ETEAT T ULk ab e,

TEAT N KAE S — TS AT R, AT DLH
L J52 Bt o S 5 LA PR s . Rist&PiE
B 7 KA 2 75 100 nm A LRI P, BB R N %

21%. OgonowskiZs ™2 1 T KX FIMPsIELE,
BERT430%. IEAGHFREH KRR EPEF
0.5h. ThAI1.5h, BFEH M ER G RAM ZEF
SR N, A T4 R, R TR AE ik 4
PVC(25—200 mg/L)%: #5 96hH, £ £ 3 & 3% 52 241
#il. PVCAMER G i KRBT R NI, nl a2 3L
TE 18 A T RAS U (1) SR Ak, A i 52 31— s AL
WA 5 8 A MPs P ZE TS b8 Kl F5K
VIR AR 177 . MPst JE iz 38 AR IR i 368 76 5
W35 A A AT A e T i h
PIREB R R SRR SRS EMENE
YRR D>, VR Yo R 4 L R R e B BT R
OBV PR T, 0 e ok 834, wF 5t
RIAL B P KRR R S PVCIHH g1, 40t
O6h 1) %5 A B 72, 4K IH 52 KA 7 TEPVCIA B 1)
B, VOO I AN (Sh)y LA PVCHT KR i &
EinE AR
3.2 PVCXAREESODAGSHAIF N

A=A N TR AR T 1 2R G b I R L
SOD. &AW CAT)MGSH, 1£ M Xf4h A 45115
HEE CBEEH - SODAT LK O; #5L i H,0,F10,,
RN = = == B S W 1R R R =
CATHEALH, 0,4 I H,OF10,, 175 44 A i3 S AL &
GSHIEL T AR 5, KA 2T 96h kb HE ),
SODMIGSH# A A [FIFZFE 122 4k, Ui BHPVC AL f5

F1 2WAREFRERTSHEESH

Tab. 1 Reproductive parameters of 21d D. magna in restored state

HA EHPEYRR A First BT REEFirst  HESET - Number of S fEENumber of S =4l E Number of total
Group reproduction time (d)  brood number (ind.) offspring deaths (ind.) brood per female offspring per female (ind.)
CK 13.80+4.27 5.25+3.30 1.50+0.71 1.60+0.89 12.50+4.51
A 11.40+4.34 9.00+2.31 4.60+2.97 3.20+2.17 25.50+3.54
B 8.80£1.30 5.7543.30° 4.40+£1.95 2.25+1.26 25.00+1.41
C 10.14+2.34 6.00+1.00 4.40+1.82 2.43+1.62 15.50+2.65
D 9.83+2.32 4.2542.63 5.00+2.00 3.00+1.67 19.00+4.24
E 7.00 13.00 1.00 13.00
R2 AREVRRERTSHEKSH
Tab. 2 Growth parameters of 21d D. magna in restored state
é%o%{) 21d?§51${<80dy length of per  E7*4)iE A KBody length of  F}E 72X Number of per  #}E AL T £ Number of
total emale at 21days (mm) first offspring (mm) female moltion female death (ind.)
CK 3.11+0.18 1.87+0.66 7.80+3.35 5
A 3.01+£0.23 1.85+0.59 6.50+2.12 5
B 2.984+0.28 1.30+0.06 6.67+2.58 6
C 3.05+0.09 1.50+0.37 8.40+0.89 3
D 3.00+0.27 1.50+0.35 7.57£1.72 3
E \ 1.29 11 9
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4 EHRBRAEA W [a)HE PV CI I3
Fig. 4 The excretion of PVC from D. magna on E group at
different times

FH T WAL AT B R G A . YT EE
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33 PVCHARBLZZEIERFN

KA AR N RL, AT LS B0 R 4 4
v FHHEA W HIHAEKKE . FREHEE
FARE ST RN 5] 2 A A B, B A 3 n L e T SRR AE T
FPU A T AR LT IR AL 2, AL FRALTAR
K e RER AR K3 Lo B AL 5, AR W, 3K 9
T AR PV C 2 3 X K I 3% J 2: 1 AR KB A A F
R IX 5 2R NMP 5, 52 m A ) 0 s —
B TR R DK B B B T63—75 um
11 5% ﬂ*:zkzm;‘c%ﬁ*ﬁlﬂ X HAE A VB
A IR S an b b Y 6 b RGN\ N PO DN
?%Bﬁ%ﬁ?ﬂo AL 22 L 96h b 3, FEEAT21d 1
WS, BBIAAER TR, 5SKUREET
PET(K:62—1400 um, %31—528 um, J51—21.5 um)
48hJ, FFE4T24h TEMPs AT 8 1) 1% 97 3L K &2 S 56,
25 AT T RS R K TR 45
TE— BN ATIRE . AL E] T 4Rk
PR S i AN 4B AR KA R I R, RIHPVC R 2
I TAIIES K E . OF W7 R Nano-PS%#
Fa K BRI AR T 4 /N AR BRI R, %))
BHEBD, YRR E T 268%, 5 K&
A ge 4k B AR Y, X s 2 OB R 1
SEHTREFR TR, EARRKITI6hE, K
B TE NI ARHERR T1% . A 7T 25 R HRist
S TR R IR R LRI (24h) 45 B A%
N8 KIS OB R} R T ) P A R

X AT g2 HH T K R R 3 B 1 B A P 1l B K K
S LA B0 2 T I 4 F AT A gk — B
iE. KA REEIOh G AT A EWKSE, X 7R 1h&
1_552'? W), 17 55 5 5 JLAR A 6 T BR O ) i 5
XA W Lk AR WARIE, A R — PRI

4 g

PVCHE: 2% KB F196h LCsfE ~130.132 mg/L,
95% .15 [X /7] 82.864—234.989 mg/L. PVCHEK
JEE Kb 3 2H DR R 308 1) 4% B 2 5 0k R ZEL A R 1 2
FE(P<0.01), IR FE 20 H) UG 2 25 14 52 i (P>0.05) . %
FEPVCJ5 R 38 L HRZHL O R AR, PV O R 3%
OFRA—EMEW . KAWL 16h N A REK 17 E N
FIPVCAFRHEH » R HIRIPVC 2 82 52 M K 7Y 3 1
FREETFRIEEKE, XM e 2R K
WM ZBEIKE .

Bg:

TR v [k 27 B 7K 2B ZE W IT T T ) 4% A8 Ao AE
SR b 45 1 R B, R e U 9 DK S AR X A
SABEA 5E 20 20 S (1 2 5 A
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STUDY ON ACUTE TOXICITY OF MICROPLASTIC TO DAPHNIA MAGNA

LI Qin', LI Shang-Yu’, XIONG Xiong’, ZHANG Bang-Jun' and LIU Yang "’

(1. College of Life Science, Henan Normal University, Xinxiang 453007, China; 2. Institute of Hydrobiology, Chinese Academy of
Sciences, Wuhan 430072, China; 3. Journal of Henan Normal University, Xinxiang 453007, China)

Abstract: In order to understand the impact of microplastics on the ecological environment of freshwater, we choose
Daphnia magna as test organisms and studied the acute toxicity of PVC and recovery test of PVC. Seven groups of
PVC concentration gradient and four repetition groups were set up. The range was 0—400 mg/L and the equivalence
coefficient was 2. After 96h acute toxic exposure, the LCs, heart rate and antioxidant index were determined. The re-
covery experiment without PVC for 21 days was also conducted. The 96-hour LCs, was 130.132 mg/L, and the 95%
confidence interval from 82.864 to 234.989 mg/L. Compared with the control group, the heart rate of the high concen-
tration groups (50—200 mg/L) were significantly different (P<0.05), while the low concentration group had no signifi-
cant difference (P>0.05); the ingestion rate of the high concentration groups (25—200 mg/L) had a significant diffe-
rence (P<0.01), and the low concentration group had no significant difference (P>0.05); the SOD and GSH values of
the high concentration group (200 mg/L) had significant differences (P<0.05), but the low concentration group had no signifi-
cant difference (P>0.05). The first reproduction time was advanced, but the body length of the offspring became shor-
ter and deformed. The number of deaths in the offspring of the treatment group was higher than that of the control
group. The body length of the female was shortened than the control group. These results showed that D. magna ex-
posed to PVC caused itself toxic injury, and short-term exposure would lead to adverse effects on the growth and repro-
duction of D. magna.

Key words: Microplastics; Daphnia magna; PVC; Acute toxicity; Recovery test
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