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Simulation of ecotoxicological effects of perchlorate and hexavalent
chromium combined pollution in the aquatic ecosystem

LI Wanwen, DU Ningning, ZHOU Juanjuan, QIN Junhao, LI Huashou, CHEN Guikui
(College of Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To investigate the ecotoxicological effects of ClO,” and Cr*on the aquatic ecosystem
under combined pollution conditions. [Method] The aquatic ecosystem was constructed, Eichhornia
crassipes, Daphnia carinata and Pomacea canaliculata with the same growth conditions were added,
respectively, and exposed to water with different concentrations of C10, and Cr®" and their combined pollution.
The ecotoxicological effects of CIO, and Cr® on E. crassipes, D. carinata and P. canaliculata under single and
compound conditions were studied. [Result] With the increase of exposure time, the population of D. carinata

increased first and then decreased. The 0.02 mg-L™ Cr** promoted the growth of D. carinata, while 200 mg-L™'
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ClO,, 0.20 mg-L™" Cr* and their combined pollution inhibited the growth of D. carinata. The 0.02 mg-L™ Cr*

had little effect on the growth of P. canaliculata, Howerver, single Cl10,~ (20 and 200 mg-L™") and 0.20 mg-L™

Cr® as well as their combined pollution treatment groups had significant inhibitory effects. The contents of

ClO, and Cr* in each organ of E. crassipes increased with the increase of pollutant concentration in water.

Under the same concentration of pollutant, the order of ClO, content in all organs was leaf > stem > root, the

order of Cr®" content was root > stem > leaf. The contents of ClO, in D. carinata and P. canaliculata were

lower than that in E. crassipes. [Conclusion] Both single and combined pollution of ClO,” and Cr®" cause

toxic effects on organisms in aquatic ecosystems. E. crassipes has strong absorption ability to ClO, and Cr®,

with ClO,” mainly concentrated in leaf, and Cr* in root. The absorbing abilities of D. carinata and P.

canaliculata to Cl0, were weaker than that of E. crassipes.

Key words: Perchlorate; Hexavalent chromium; Combined pollution; Aquatic ecosystem; Eichhornia

crassipes; Daphnia carinata; Pomacea canaliculata

AR (ClOy) EKHIE R IE = Zil 8. X
B A, DRI AN R — PR A5 Gt e R
AR T I A HE I B JRAE R, K E
R —, BTSN, mARL CE RN —
A BRI GRS 1] R, 75 N X LA B3k ¥ R Al AN
JE B REAS I 2] w5 SR 2R A AEY . IR = A
% S50 RE 52 0 s 40 HOR BRI TE 8 Thie ™o thab, &
SRR 3R I 2538 BOK B AE B0 M ) DNA 3%, 724
AT BT AR S A R K A
Gy TSR ) S, A4S R — HLE NI
H, WS E K R E S, B IR K. BEEEN N
s, S By AR RS o B TR K A v SRR RS
PIFF R G AMEZERE . HaExs, A
12151 Herderson i 7K A Y = SR 26 i IR BN
3.7x10° pg L', UK BRI E N 1.2x10° pg-L ™,
WO K R B R Ik 8.11x10% ng L' 1, R EJR
A7 AEAS TR 2 P 1 v SRR SR /K AR y5 e o sl W0 ) )
RSN 5 3L, 330 BHVRT 7K A w1 e SR 26 T I A
65.8~170.0 pg- L™ FE 13 MR K& &R
ERSP 5o B B A =nis 3.04 pg LY

LB (Cr") R E KA E B 5 e
— 2, Cr R AR, TEAE AR AR 2R, T
It SR N AR TR AT N
2 T RS RS A Rk s, IR (s g
W e EN, 5 AR AT, Cro R S v T
K, FEARAR AR Gl R BhAb, SR B AN dh i
W T R RN R S T AU, B
A DX E BV B K R, B AT T R I A A o 1 3
Fy5 3. Bl oA KECEIkE T Clo, #
Cr oy BN S O B PR 7T, T e AT KA TS

FR G0 ) A A T B RO R OE IO Bk . SIS
GO R RE WG K SEF, TFRME KR, &
NE K. NTHF Clo, Ml Cr¥fE/KAEAET RG
A L, AR EE T — M ANLKAEESR
4, HEIX 2 Fhis eI X K# P Eichhornia
crassipes- 2% Daphnia carinata 45 75 14
Pomacea canaliculata W52, PLiEAS Cl10, Fl
Cr E A5 Y /KA AR TS R G0 R AR, /KR
B3 W DA 7K A 2 A 15 e A AR R AR .

1 AR

1.1 R

AR VB 32 FH A R AR M K 2 75— IXCHR BH A
e, BBATERY, £05%, ZKEAS Clo, Al
Cr® o HEiRT5 K FH A R Al K 2 1 X AR TG TS
K, ZIE, RNE Clo, Al Cr'' e AHFFEiE I &HE
VUE# Tetradesmus obliquus W B [ R} B /K A
A= WIS BT IR AR R Rl B 5 KA P T T S AT A
T, 1R 3 — SRR R s [ 2R3 D B T B A
Yikk, e KA R I0 4 6% R R 28 3% 48 A7 IR R
H AR RO K 22 A 37 i B0 SE Hh, 3% A 85T s FE Ak T
5~ 15 mm KM
1.2 EEARFAF

KCIO4 (AR, b & WA 22 5554 BR 2 =)
K,Cr,O7(AR, Figa A A IR A F).
1.3 R

KH 2 BE& 3 KPFEAHEEGRE T RET,
Cr® [ iR B EE 43 )4 04 0.02 F110.20 mg-L™', 435
F Cr0 (CK). Cr0.02 A1 Cr0.2 %75, ClO, [ &k
43 514 04 20 A1 200 mg-L™", 4% PO (CK)-~
P20 H1 P200 7R, 3L 9 ML EE, AN 3 M EE



54 Hepg AL K224 (https:/journal.scau.edu.cn/)

45 %

7EKox 55 x 55=0.6 mx0.3 mx0.4 m /K L 40
— )z 6 cm JEHIRTE (B & 6 kg), I 20 L B4
TEV5 KA 20 L B9 E RIK, P 14 d JEMA 100 mL
HREEN 1.0x10° mL " BRMEMHE . 100 A b BYRE £
B2 BRAKEA P 8 HUNBUARAFIE, 1 d J5#%ikse vt
AN 9 AN AR BRIRS Bed) Cr f C10y 5 43 HilE
1. 447, 144 21, 28 RRERESIEATINE -

R B RN 78 25 KRR, AN TR AR
RAMEFREFLE 40 L.
1.4 EERFHNEF A
1.4.1 ClO, A2 a9tem Y. shIFe S arAb 22
BREMTRERE, B, BEWAET 40 H
i % 0.5 g FEMBN 50 mL FIHEZIEH, IIA 10 mL
RBAK, ZiR NN LA 200 rrmin” S EAHL 2 he
TBEVRLL 6000 r-min ' 74 E B0 25 min, WHCK T
WA RP /A E, EALATIE 0.22 pm AL UEME .

ClO, 7 &l 5E SR FH 25+t 3iik, P FH 36 15 3
% 1CS-900 B ik SGHAT I E , W e 240 4 AT
4 TonpacAS20-HC, {&## 4 lonpacAG20-HO C,
WENAHN 30 mmol-L™' ) KOH, HLJi 87 mA, #ild
30 °'C, #ti# 1.0 mL-min',
1.42  Cr a2 egtm 3. MEAFE 3 T ik
THAR, W RRROELIE, F AR RSO Cf &=
143 FHEZHMHHE  F5 RE [Bio-concentration
factors, BCF/(L-kg )] &fa VR I —HMA KR
i (mgkg ) SHEHHMNITTRESE (mg L) 2
b, BE—ERE ERMEES RGP ZITRTH
(X ) R B

BCF = “EPF RS E - KAEFEEE. (1)
1.44 ClO, A= Creg X ZAF A XAy N T L
BN e b B R N TKAEES RGH
Bt 22 % AR 3 0B AR K IR B B, AR T 4% R DL
JriETHE ] (Inhibitory rate, R;) '

Ri = (1—T/C)x 100%, 2)

X C XTHRAE, T NAEE{E . 4 R=0 B, RoR
bR 55 0] REZE A b B A H0 AR F s 4 Ry <0 B, 3R
TR ERZH o 2 AR L B (R R A

HRHE Bliss™ £ Hi 175 4 R 22 FAE AL A
I A5 B FAE A, AR SR DL T i )
ClO, Al Cr*" B 28 H.AE F 24P,

AHINAE A : ClO, AT Cr B — b BE 2 F1=C10,
Cr"EE15 5%

FEPUAER : Clo, 1 Cré ¥ —4b 2 F1>C10,
Cr"E &5 9

WrFEIE F : ClO, AT Cr B — b B 2 AI<C1O,
Cr"H &5k,

Jeilh H A AP (B R AR R A A
B B0 2, KA BV FE 1) ClO, AT Cr® B —Ab 2
(A AN, IS5 H R BE 1 R A TS Yeidt 47
B FHRE B 3 S SR Clo, i Cr
B YT AR R,
1.5 Sitoth

FT 3808 NP B E AR #EZE (Mean £ SD), K]
Microsoft excel Al SPSS16.0 #E4T1HH G407,
F+H] Duncan’s 6 56 v X AN [6) Ab ¥ 1 25 55 42 35 e gk
TEZ A8

2 BRSTH

21 ClOy .\ Cr"82—HEATENALKEES

R hEYIE T

SR G, KEf P &5 A+ Clo, s Cr &
EMEERN SR 1 AE 2. Bk EE, BE
ClO, AL BRI B Tt i, FLAEKH 2 S AL ) & B
Tt A RBE IR EHRLH, f£FH—
ClO, AL EE, JK#T A AR N ) ClO, 7 & R EUH
A {EAEEIKE C10, (200 mg-L ") Al Cr* " & b3
I, K E S Z A Clo, RIS Crt W E T
R I R S B v, FE /KA AR P G I B 2 . TR
— ClO, ME G5 Jehb B i, /K E] 7 2% 5 AL 1Y)
ClO, FRARIC I > 25 > R, HF 1 E R HU
K, MR & AR R EER D, UL KB R
ClO, [ HBAL

IKE R Cr A — & BIWRIE . 7EFT A &b
A, BEE Crt b BEIR FE T, AKH P AL R
B e g EmW R s, 7ER— Cro b By
B, RSB R E AT YA B, AKE AR A
Cr"&BEMEA K. mikE ClO, (200 mg-L™") AlE
W Cr*(0.2 mg L") EA B, /AHT R ZEA0
MW Cr g Etb s — Cr b &, fE—
Cro R A5 YL ab B, ZK ™ % AL Cr* & &
FEAR ERIUNKE > 2 > 0, 1 10E £ R,
HRHB ) & 4R R AR, UK B AR 2R Cr 1
RE 77 5

MR 2 T LU, AK# P E R Cr i E 2R
REH ClO, WS 52 REOK, Ui B 7K & 7 5 8 4
J& Cr W& $Eft J1ELXT Clo, W& SEfE )50, 7EAT
A Crohb A, JK R B AL EE Cr®7(0.02
mg L") BRI, HE R R IR AL
Cr*(0.20 mg-L™") K. 7F ClO, i —FE A5 4,



1

R, A KA R G AR R 5 B R A R A A R B AN AR AL 55

*1 AELIETKEES SR Cl10, . Crig 8"

Table 1 The contents of C10,” and Cr® in various parts of Eichhornia crassipes under different treatments

FHE/(mg'L™") w(ClO4)/(mg-kg™) w(Cr*)/(mg-kg™)
S SL Dosage Perchlorate content Hexavalent chromium content
Treatment co; o i = s Ui ES -
Root Stem Leaf Root Stem Leaf

CK 0 0 6.48+0.33b  0.79+0.05d 1.05+0.08d
P20 20 0 15914091b  54.14+5.47c 247.68+38.66¢
P200 200 0 98.30£13.93a  660.87+14.20b 2 518.35+425.76ab
Cr0.02 0 0.02 10.40+£0.70b 1.81+0.46d 1.57+0.13cd
Cr0.2 0 0.20 28.35+1.62a 7.12+0.70b 2.99+0.60b
P20+Cr0.02 20 0.02 2.7740.10b  37.08+1.49¢ 291.59+107.96¢  10.39+0.70b 1.54+0.05d 1.57+0.05cd
P20+Cr0.2 20 020  12.60+1.92b 145.21431.61c 451.97+54.30c 30.27+3.19a 4.78+0.95¢ 2.68+0.07bc
P200+Cr0.02 200 0.02  64.19+18.25a 564.02+128.78b 2 005.92+424.64b  10.40+0.50b 1.12+0.22d 2.20+0.58bc
P200+Cr0.2 200 020  91.43425.99a 995.17+109.84a 3212.55+127.32a  31.694+2.09a 9.91+0.08a 5.14+0.29a

1)) 7 34 5 09 R B B 54 & 4 2 ] £ F 2 % (P<0.05, Duncan’si%)

1)Different lowercase letters in the same column indicate significant differences among different treatments(P<0.05, Duncan’s

method)

22 TRELETKEFEAEIRMN Cl0, . Cr"EEFEH (BCF)"

Table 2 The bio-concentration factor (BCF) of C1O, and Cr® in various parts of Eichhornia crassipes under different

treatments
FH i /(mg-L™) BCF/(L-kg")
AbHE Dosage ClO4 Ccr*
Treatment 2% It A It
clox e Rt)ﬁot Stem LeJ;f Rt)ﬁot S‘fm Le:f
P20 20 0 0.80a 2.71bc 12.39ab
P200 200 0 0.49bc 3.31bc 12.59ab
Cr0.02 0 0.02 520.00a 90.25a 78.60a
Cr0.2 0 0.20 141.75b 35.61c 14.97b
P20+Cr0.02 20 0.02 0.14d 1.85¢ 14.58ab 519.50a 76.85ab 78.60a
P20+Cr0.2 20 0.20 0.63ab 7.26a 22.60a 151.35b 23.96¢ 13.39b
P200+Cr0.02 200 0.02 0.32cd 2.82bc 10.03b 520.00a 55.85abc 109.95a
P200+Cr0.2 200 0.20 0.46bc 4.98ab 16.06ab 158.45b 49.53bc 25.68b

DR 3 # 48 JE 09 R R AN B FF & R AL P28 £ 5+ B % (P<0.05, Duncan’six)

1) Different lowercase letters in the same column indicate significant differences among different treatments(P<0.05, Duncan’s

method)
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Fig. 1 Effects of Cl0, ", Cr® and their combined pollution
on the growth of Daphnia carinata
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Table 3 Effects of different treatments on the growth of
Daphnia carinata on the 14th day and the
interaction types of C1O, and Cr®

] 23 ,00f< K F12)
e %%gwﬁrgﬂﬁzmy/xﬁwmﬁi

Treatment Density Inhib%tion . Type (.)f
ratio Interaction

CK 104.5+4.70bc

P20 115.5+7.71b -10.53

P200 87.0+3.00d 16.75

Cr0.02 139.54+4.80a -33.49

Cr0.2 82.5+5.06d 21.05

P20+Cr0.02 133.8+6.00a —27.99 S
P20+Cr0.2 84.0+6.56d 19.62 S
P200+Cr0.02 90.0£5.42cd 13.88 S
P200+Cr0.2 77.0+6.42d 26.32 A

DZINHEEHRRNEFHEATLERNLEZFEF
(P<0.05, Duncan’,s#%);2) S: rF], A: &40

1)Different lowercase letters in this column indicate
significant differences among different treatments (P<0.05,

Duncan’s test); 2) S: Synergism, A: Antagonism

WPEHN 0.20 mg- L' i, B 283k 0 % 1% W BAR T
CK 4, #M#I1E B & . B P200+Cr0.2 AEFELH 152
HAER RS UE AL, Ha 3 HE &5 4 b By
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RN ClO, & P ClO, Kb P B i 7 i if B
THaE . BERERE Clo, (200 mg L") 5E4EE
Cr 5 & MBI, A B 2Rk N & i AR T
200 mg-L™" ClO, 5 — Bl e B 44 P9 1R 5 &5 TR R i
W Clo, (20 mg L") 5HE &8 OB AN, HAEkE

*4 TELETEZLREAN CIOMEEURESERY

(BCF)"
Table4 The content and bio-concentration factor (BCF)
of Cl104 in Daphnia carinata under different

treatments
b3 - kg™
TreﬂLatfent Zéilolng:;n ci:tinz BCF/(-107 L ke

P20 0.035+0.002c 1.75a
P200 0.316+0.034a 1.58a
P20+Cr0.02 0.028+0.004¢ 1.40ab
P20+Cr0.2 0.021+0.002¢ 1.05b
P200+Cr0.02 0.251+0.024b 1.26ab
P200+Cr0.2 0.259+0.024b 1.30ab

DR HFEEH AR N FHEATRER L2 F 2 F
(P<0.05, Duncan’s %)

1)Different lowercase letters in the same column indicate
significant differences among different treatments(P<0.05,

Duncan’s test)

LEAENEEYS 20 mg- L' ClO, B — i itk i
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S0 E F A BT e f, (R Mg AR i = K E A
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Wk 6 fizr, ClO, £ ZAEAR 77 I8 IR T A R,
WELPA) U] A HY . MR SRR ClO, & B ClO, AbHE
WENTEmmET &, SESE Cr" B el 3
Ja, BFEH Clo, B E B FFE A . /AT
A AL HEAH A, B ST RTIE A 1) Cr® s B B o A BRI
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3 Cr0 =3 Cr0.02 =] Cr0.2 £S5 ClIO, FICr"EASEAMNBEREKNZEEA
3.0 A 8 B Bl
T a Tr,2 Table 5 Interaction types of C10,” and Cr®* combined
23 3}— ab -1--1— pollution on the growth of Pomacea canaliculata
- - =64 — N
=20l t_’} ol ob % (R)/% A2 AR A
E= cd R = ~I~ Inhibition ratio Type of interaction
=K 5[ 2% 2 E = = 7 7
2215 e W24 c B2 i i W (NI
B © ] _1_ Treatment . )
b § = E c . Snail Body Snail Body
%2 10 cex gl height  weight  height  weight
> e S 2 P20 0.32 0.07
0.3 . . P200 0.92 0.78
0 0 Cr0.02 —-0.01 —-0.03
0 20 200 0 20 200
P (ClO{)/(lngLfl) p (ClO{)/(mgL’l) Cr02 022 032
S BT RS ORGP RGBS R 8% (P <005,  20TCr002 044 0.38 S S
Duncan’s 7%7) P20+Cr0.2 0.25 0.20 A A
In each figure, different lowercase letters on the column stand for
significant differences among various treatments (P < 0.05, Duncan’s test) P200+Cr0.02 0.51 0.63 A A
P200+Cr0.2 0.58 0.64 A A

B2 TEAEXEEFIREEKAIFNT
Fig. 2 Effects of different treatments on the growth of
Pomacea canaliculata

1) S: ¥R, A: 4t
1) S: Synergism, A: Antagonism

%6 TRLETREFELIBMAMN ClIO, . Cr'E8 8RN EEFRL (BCFs)”

Table 6 Contents and relative bio-concentration factors (BCFs) of C10, and Cr® in different parts of Pomacea canaliculata

under different treatments

F&/(mg L™ B2 5% Snail shell B2 A Snail body
Trifent Dosage w/(mg-kg™") BCF/(Lkg™") w(Cr*)/ BCF,/
clo, cr* clo, cr Clo, cr” (mgkg") (Lkg")
CK 0 0 0 0.122£0.058¢ 0.414+0.169¢
P20 20 0 0.925+0.323b 46.25b
P200 200 0 11.154+0.554a 55.77b
Cr0.02 0 0.02 0.181£0.034c 9.05abc  1.269+0.025b  63.45a
Cr0.2 0 0.20 0.9310.108b 466d  5.626+0330a  28.13b
P20+Cr0.02 20 0.02 1.200£0.178b  0.159+0.035¢ 60.00b  7.95bcd  1.059+0.034b  52.95a
P20+Cr0.2 20 0.20 2.929+0.896b  1.058+0.102b  146.45a  5.29cd  6.750+0.464a  33.75b
P200+Cr0.02 200 0.02 14.19243.576a  0.266+0.017¢ 70.96ab  13.30a 1.274£0.052b  63.70a
P200+Cr0.2 200 0.20 14.906+2.919a  1.957+0.291a 74.53ab  9.79ab  7.297+1.358a  36.49b

D F 5 238 )5 69 R Bl B 54 & R AL 3R W] £ F+ % 3%(P<0.05, Duncan’si)

1)Different lowercase letters in the same column indicate significant differences among different treatments(P<0.05, Duncan’s

test)
3 WS

BT ClO, KRR 5T M R EAL L, 14
IR 22 EEAMERF B CLO,~, P PRI 4 i T % 5 4%
ClO, R AEM Jy rh 2223 He S5 B 55 K
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