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Abstract: A solution experiment with a range of lower cadmium concentrations (0.01-0.64 pmol/L) was conducted to study micronutrients
uptake and production of phytochelatins (PCs) in a submerged aquatic plant Ceratophyllum demersum after exposure for 7 d» 14 d> 21 d. The
results showed the uptake of Cu> Zn in Ceratophyllum demersum was promoted when exposed to lower concentrations of cadmium, whereas Mn
uptake was inhibited. Unlike CusZn and Mns the content of Fe was unaffected by Cd uptake. Our data showed that Ceratophyllum demersum
had stronger Cd tolerance and obvious absorption and cumulative effects to external lower concentrations of Cd exposure. The inhibition of
growth was observed after 21 d in 0.08 pmol/L Cd. The production of PCs was significantly induced by 0.02-0.64 pmol/L Cd for 7 d (p <
0.05), while declined after exposure for 14 d, 21 d. The good dose-related response of PCs was observed in manner of linear for 7 d and
parabola for 14 d and 21 d. Regressive analysis showed that there was a significantly positive correlation between PC contents and Cd toxicity
in Ceratophyllum demersum . The results suggested that PCs could be a sensitive biomarker for estimating Cd phytotoxicity and subsequently a
qualitative tool for studies on Cd contamination.
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Table 1  Cd uptake and accumulation in Ceratophyllum demersum

with the increase of Cd exposure concentration and time

Cd A HR

Cd E"]Q%(FW)”/mg'kg_]

Jpmol* L~! 7d 14 d 21 d
0 0.04+£0.00a  0.07+0.00la  0.08+0.0la
0.01 2.93+0.14b  4.98+0.87b 4.66+0.33b
0.02 5.97+0.30c 12.26+1.59¢  14.03+1.88c¢
0.04 11.08+1.64d 11.34+1.02¢c  18.96+0.90d
0.08 15.73+1.78e 48.60+3.59d  53.05+1.76e
0.16 24.15+1.87f  64.90£2.50e  66.92 4.21f

131.02 +28.48f
286.35 +74.20g

0.32 43.65+4.73g 96.93+10.19f

0.64  130.42+6.78h 198.56 +8.60g
DR I+ b 22 [ — 30 th A [F/] /NS 5 BER IR A [ A 28 [R] 15
5% ‘K, T A
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W Fe (199 W00 B 2 5% 0, X Min 19 VR VAT B 4000 i) £
FH 5 Min (1 55 58 B A Ak B 2 1 - vy B Ak 8 B T 1) S
M 328 8 B A% 0.64 pmol/L Cd 25 21 d J& > Mn [1)
PR K 48.86% , AT WL Cd X Mn R AE
TERGHURN. . ST 70 0 PR A B oK 1 =
G LM BRI T ed FH T Mn 189
it R g SR Mn 5 Cd A AR AR W A A
ES, o FE g Pk A BRI Mn.

AR EET) cd Whia g & 7S A EEAR N CusZn
(155 &, Cd X Cus Zn RCR B D3 R RN . 0. 64
pmol/L Cd i 14 d B, S AN Cu 1 ik F]
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PRHET Zn WIS, AR I S BE 1Y) Cd SXUAEE Zn IR
FONFES bl W Zns Cd 2 T80 H B AR R R
[FLT- 5B IR Zns Cd 7 2 1 % A Ll A7 0%
Cd X 5% T6 28 IR 5% M 350 52 %, 4 ikl sl i 3F ml g
RAEPFI R Cd W EE AN TR AS 7] . Cd % 4 a3
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Table 2 Micronutrient uptake and accumulation in Ceratophyllum demersum with the increase of Cd exposure concentration and time/mg*kg ™'
It il /d “ mh%lg Fe Cu Zn Mn
/pmol* L

0 32.65+6.52a 0.56 +0.07a 9.74+2.37a 94.32 £ 8.84c
0.01 35.93 +7.26a 0.73 +0.05ab 10.98 £ 1.72a 91.24 + 13.13be
0.02 33.11+5.42a 0.76 +0.08ab 10.36 + 1.50a 84.76 + 14.83hc

. 0.04 29.42 £4.93a 0.79+0.09b 10.12 +0.69a 87.37 + 14.55bc
0.08 30.77 £7.49a 0.71+0.12ab 9.71+0.38a 83.43 + 13.59bc
0.16 32.29+4.36a 0.84+0.17b 9.76+1.32a 80.72 + 16.75bc
0.32 27.18 £5.25a 0.84+0.15b 8.59+1.02a 66.49 + 11.46ab
0.64 29.88 £5.29a 0.93+0.16b 8.92+1.40a 53.04£6.64a
0 30.57+4.18a 0.56+0.10a 10.52+1.39a 92.04 £4.63¢
0.01 34.99 + 6.96a 0.73+0.12ab 10.23 £2.47a 87.62+9.23bc
0.02 37.26 £5.78a 0.93+0.17bc 11.26+1.18a 89.25+6.07c

14 0.04 33.60 +7.28a 1.01 +£0.19be 13.66 + 2.59ab 80.33 + 10.65abc
0.08 31.09+4.22a 1.21+0.05¢d 14.67 £ 0.42ab 79.68 £ 9.32abc
0.16 33.33£6.40a 1.15+0.24cd 16.86 +2.81bc 69.98 + 11.76ab
0.32 32.75 +2.47a 1.40+0.19d 16.42 +2.84b 69.66 + 11.05ab
0.64 27.41£3.74a 1.86+0.34e 20.93 +3.88¢ 65.77 + 13.28a
0 36.09 + 6.96a 0.70 +0.06a 8.81+1.57a 83.16 + 14.37¢
0.01 35.65+7.51a 0.70 £0.02a 9.54+0.53ab 79.57 +7.19be
0.02 33.81+£6.37a 0.81+0.09ab 11.24 +1.07ab 79.03 + 11.44bc

21 0.04 37.97+1.77a 0.74 +0.05a 9.27 +0.99ab 74.97 +5.08bc
0.08 33.31+6.51a 0.89 +0.07ab 10.64 +2.60ab 73.85+13.22bc
0.16 37.93£6.37a 0.96+0.13b 11.87+1.32b 61.85+4.71b
0.32 34.78 £3.23a 1.01+0.13b 18.00 + 1.30c 41.97 +£5.85a
0.64 38.60 +£4.27a 1.54+0.20c 24.68 £4.61d 40.63 +7.40a
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2002277 ~ 22 2214% . W G845 B 7, AN S5 P 3k %
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W PCs T RSXNEAMELCH R ERE () <
0.05), KWLM BN PCs X Cd 75 3 W38 (¥ ) Y.
RO IR 2 Cd WK JE =0.04 pmol/LINF, AN [ 2 5 I
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(B G N PCs 555 0 HEURH Ll 38 52 4 5 1
(p <0.05). 7E35 7 d W PCs 7 &= 34 M 52 K, 0.64
umol/L Cd %258 7 d J&» S i Ak PN PCs 75 1 3] U
{EL, 20206 ) 63 A5 . Bl A %% B8 5] 18] 1K) 389 0, PCs 75
A N HS AL, 7 d 14 d SaEEAN
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T Cp <0.05), A A Kyt 4 R Cd 75 44 = A2 11
ISR 8 il B A 2 R I (R] 1R 3G 0, 4 A AR
Cd FrFEs: T, H PCs 5 T o B TT 4R 522 T B
#.0.08 pmol/L, Cd %% 21 d J&, PCs W5 AL A [F]
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HEWILJS R AT g A2 Cd 35745 X B A N0, FRAR T
LT B S Cd S, AT PCs 2 5 T 46 BRI s 5
S 5 5% 5 W] PCs 76 WU MR I 45 A5 R TF U B A, 1%
fife = 4 R B 28 2k R 4y 1 R (] ) 4 B T
Hatio-2t 2] R R, PCs 7 B R BT RTRE A
(RN P FRAICAT 5K, 0.08 pmol/LCd % & 21 d Ji, £ BE
# PCs 15 S0 N, S 40 3 0 A BT 3040 2%
B0 PCs 7 4 A P A Sk A R B ) i A
H A KJE I PCs BEMRDLIRNE T5 32— 5T

AR Cd HATETE S PCs KRG R IR
I, R T 4 AR N GSH 2 i 39 i, GSH )
BB Cd B 5 0 P B IR TR) f 3K g a6 R 43
Mri7m, GO N GSH B & & od B E 2
RAFMLME LR, 7. 140 21 d I R 050K
0.756 6~ 0.8839. 0.970 1.

TEFEA LI, GSH 1 & R KB AR %, A2
A 5 W AT PCs. 32 22 J DRI AT BB A& H GSH 1 8L
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Table 3 Phytochelatins and glutathione contents in Ceratophyllum demersum with the increase of Cd exposure concentration and time

Cd A% 7 d 5 E(FW)/nmol*g~! 14 d &2 (FW)/nmol* g~ 21 d & (FW)/nmol* g ™!

Jpmol L~ PCs-SH GSH PCs-SH GSH PCs-SH GSH
0 7.38+0.51a 10.04%1.77a 6.33+1.18a 13.16 + 1.86a 6.43 +0.86ab 22.18+3.53a
0.01 8.76+0.87a 10.61 +1.88a 7.03+1.6la 14.13£0.%a 5.47+1.25a 34.54+2.28b
0.02 20.82+1.09b 11.24£1.6la 12.77£1.97b 19.17 £1.00b 8.09+1.28b 35.78 +6.46b
0.04 120.51 % 17.09¢ 18.28 +1.23b 39.92+6.43¢ 24.85+1.54c 32.70 +7.66¢ 39.92+8.69b
0.08 181.62 +16.72d 12.67+1.35a 87.07+7.31d 40.85+4.04d 42.13 +8.04c 40.31+2.84b
0.16 169.80 = 15.03d 16.36 +1.23b 133.13 £27.27e 25.50%1.51c 66.62+9.51d 45.65+5.70b
0.32 257.75+51.19€ 25.89+3.54c 244..07 + 36.79f 42.49 +8.07d 175.69 +32. le 119.24 +9.40c
0.64 441.23 +35.27f 26.20 £2.51c 267.81 +52.63( 77.70 £ 8. 74e 222.67 +5.96f 188.74 +44.37d
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Fig.2 Relationship between Cd toxicitys quantified by the relative
inhibition (RIR) of fresh weights and PCs concentrations in

Ceratophyllum demersum exposed to a range of Cd
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