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Abstract: A biological pond system was constructed by Typha angustata » Canna glauca » Hydrilla verti-
cillata , Myriophyllum aquaticum , Arundo donax , Iris tectorum , Eichhornia crassipes to investigate the
accumulation and tolerance of cadmium in aquatic plants. The subcellular components and different chemi-

cal forms of cadmium in plants was separated by differential centrifugations and five-step extraction.
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Then, the cadmium content was determined by atomic absorption spectrophotometry. The results showed
that: (1) the cadmium accumulation was much more in root than in stem and leaf. Furthermore, the cad-
mium concentration of 3 kinds of aquatic plants: submerged plant (Myriophyllum aquaticum, Hydrilla
verticillata) > {loating plant(Eichhornia crassipes) >>emergent plant(Typha angustata , Canna glauca ,
Arundo donax and Iris tectorum). (2) The subcellular components of H. wverticillata, E. crassipes, A.
donax displayed the following sequence: cell wall™>protoplast>>mitochondri>>soluble fraction, which pro-
portion was 37.16% —50.86%, 20.69% —31.21%, 10.81% —23.83% and 8.15% —19. 83%, respective-
ly. (3) The greatest amount of cadmium found in 1 mol « L.”!NaCl-extractable fraction and H,O-extract-
able fraction, the two chemical forms relative contents in percentage were 29. 37 % —56. 27 % and 15. 06 %
—36.19% , respectively. The analysis indicated that the cadmium accumulation ability in M. aquaticum ,
E. crassipes, C. glauca, A. donax was better than in T. angustata, 1. tectorum, H. wverticillata. , and
cadmium mainly existed in the cell wall and vacuole of the root of the aqudtic plant with the binding state
or adsorption state of pectinate protein to attenuate the toxicity of cadmium to the root organelles and the
plant over-ground.
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Fig. 1

Distribution of cadmium in seven aquatic plant organs
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Table 1  Subcellular distribution of cadmium in aquatic plant organs
£ & # Cd concentration/ (mg « kg™ 1)
[i:87] wE -
Plant Organ 2 fifg BE Ji A JoR A 2R IRIN RN
Cell wall Protoplast Mitochondria Soluble fraction
WM H. werticillata %tk Whole plant 3.49+0. 46a 2.24+0. 34ab 1.6+1.14b 2.07£0.47b
R Root 11.6140. 6a 2.67%0. 6¢ 1.924+0. 33¢ 7.3540.83b
IKHIE E. crassipes 2 Stem 2.07+0. 76a 0.44+0.21b 0.41+0.08b 1.15+0.07b
- Leaf 1.5740. 88a 0.66=+0. 28ab 0.37%£0.18b 1.15%0.51ab
2 Root 1.21£1.03a 0.57=+0.65b 0.4140.5b 0.78+0.82b
W EAT A donax 2% Stem 0.740. 2a 0.43+0. 31b 0.28+0.11b 0.78+0. 44a
I Leaf 0.49+0.17a 0.240.07b 0.23%£0.06b 0.244+0.05b

L < R AT AN TR) 52 B e 75 AN 7 S 40 I 0 43 [T 7E 0. 05 7K S A7 7 I 35 1 22 e

Note: The different normal letters with the same row indicate significant difference among subcellular fractions at 0. 05 level
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Fig. 3 Distribution proportion of cadmium in

subcellular fractions of aquatic plants
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Table 2 The distribution of cadmium chemical forms in aquatic plants

84 1 Cd concentration/(mg * kg™ 1)

k7] wE
Plant Organ Fe Fuw Fct Fhac Fual Fr
““&i. e 0.34740. 04c 0.49740. 06¢ 3.76+0.02a 2.14+0.42b 1.234+0.02¢ 0.46740. 04c
H. werticillata Whole plant
# Root 1.1840.42bc 1.88+0.45bc 12.947+0.3a 11.53+2.84a 3.62+0.74b 0.71£0. 4c
£ KB 2 Stem 0.14£0.06c  0.1740.09c  1.48+0.3a  0.4940.24b  0.2740bc 0.1240.01c
. crassipes
- Leaf 0.1640.01d  0.2140.04cd 1.5240.03a  0.54+0.19b 0.37=40. 13bc 0.1840.01d
# Root 0.2140.01b  0.1440.09b 1.1140. 18a 0.97+0. 29a 0.97=+0. 3a 0.3840. 16b
fuzslii 2% Stem 0.1440.03bc  0.09£0. 06¢ 0.840.16a  0.25%0.06b 0.1240.03bc  0.1140.03bc
i Leaf 0.11£0.02¢  0.14%£0.02c  0.53£0.06a  0.3140.03b  0.16£0.02c  0.1140.07c

I Fe Fw  FraoFrac Fuo JFr 2000 3878 ZEER IS IR RIS R AL 13 IO T B 4R RS 3R 198 $2 RS A5k s 2550 5 o5 181 4 )

Note: Fgs Fw. Fnacls Fruacs Fucr and Fg stand for cadmium content of ethanol, H,O, NaCl, HAC, HCI extractable fractions and residual

forms; The same as Fig. 4
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Fig. 4 Distribution proportion of different forms
of cadmium in aquatic plants
St R /N 9 g KR U B A R O B Y
3. 70 %0 5 2 A rh 4 32 22 LU SUA A 3R S A7 AE L 43 )
Sh(0.8£0.16)F1(0.53£0.06)mg » kg ', 43l 5
U A 57. 23 20 41, 55 %6 LUk Ay I R i B
B & B AR/ NI 2 531 DR K AR BB R B i A L A o
PRI M 5. 420017, 75% . AT UL S [R) ZE ALK 2R
FL A A 5 1 A AE TR A AR TR] L 2 2 2 DL S Ak il
RS HAE A DLW AR 7R 3 S [ 2 280 7K 2B 4 1A
N EZDCRIEIRER 8 B4 5 25 5O B 25 A9 2 X
e

3w

ARWFFEUESE T 7 PR AR B — 2 1R e
R HEMY ST PTRESEEREE. UT
TS K AR AR 5 T2 0 A A AR L A g3 A 75 ZE A
W e, 0 BB AR 1A L TR 20 B B TR A AR
TR A A B S B M R Ay AR R R R R
SRR T o AR AR P 18 52 0k v A 5 T e 9 K /Y
IO FH v AR A T L R AR Sl RS R K A R Y
— Pl AR A AR B 7R 25 4L A TR Y B RS AR L
TR ASCAT 56 N AR i b A 5 DR T R L e e
A B R P15 v 1) R RE B B A MO RIOR . BRI SR N
BAME DT RAZT KR GMALRAR . X
T RE S A S S N B IO Xk AN ] 9 J52 8% A 30 o A s A
Coe:ib L IR i )N R B <R 2 R K
R b O 5 O T R AR Y R A
T3 8 RAESE AR W) A 7 AT 25 2 TR 5 AL T R A
UCT KA SE AR il o WO 12 I B8 A 35 e 1) v A
RS 5 T 8 IR 7 il R 7 AR 5 R AR A S 7% B ) 55
FLUE AR/ T v oK 6 75 Gt 0 K 09 ROR A X

AR LU AR GBI 7 ml L K A o T
A K 53 5 # R IR 5 BRAR A ROR L T A AT 5 [+
O UTAK AP 1) J 8 110 0 S A A /N TR e )
AE A4 S DR AR X 4 B0 SR RE ) AN LS A AR A
Ko B SR RRES R R R A T AR T
JIT A (R 7K A R BT T — B[] o T IR — 3R g
{ERT RE X A A A PR35 2% 1 BRI S B0OR B 7R R )
WA IET RAE AT R A B W LR TR T iR
A T AR R L b K A R A AN L
PR A KR PR 85 A M) PR 8 0 A 1 B A T R
X5 14 R R AN QA A BF ST 4 SR A

KA AB W) 2 BT LA RE T A2 50 e e R ) R LA
Aok 6 L 00 T 00 N P ) 3 A e A AL A A A
MR, AR 3 Fh ISR K A 8 4 720
J8 21 73 F AT 5% 2R 45 3R B A0 BE > Rl A 0 > A
P CRL A T AR T AR R RL A L 3 Al A F 5
SR —E F B RN AE T 40 M BE R SR A A
R VAT HE R R R AR 2 ROR R R T BT
{37 35 VA BE 15 48 B 1 D00 2% 5 DA AN BR IR S A7 7E
TG A AR 5% 1] 200 L 245 P00 RS T2 R AR
5 41 W) It A2 A ) B — TE 5 B Y O P 4 T 5 2 A
BE TP R 45 G O 1S SRR 5 B A IS B WO L TR
WA A HLER A LRI 3 3 5 45 5 i 45 R B
s CE AR WD S T R DX A+ T 3% A1 4 7 4
P28 T A 23 A a5 R X AR A AR B HLRE 11 5
P IPE T AL 00 R T 55 1 0 936 DX A AT 2 A )
F1 it A HIL A o

R A AL AR PN AT A 2 2 285 B R ) A B
Tt 1 FL i P e 80 960 £ T 4 IS R K 0 25 e 1
P e, SRAL B 3 U R 2 00 I TR R IS B 0 1
Hh L TR R IS A Bk v AR T M R 5 . AR HESERY
3 Tl K A AR R PN B B9 T B A AL R 25 O SA AL Bl
PRI L2 0 I TR B IO A L TR B A L T 80 0% £ I
FRICES K PR BES AR S S BB X 5 DIE R &
WL R — 20 KRR R kN RS
RIEIRER B B A AR S5 S IR U 59, UL
FRTE 40 i B L 15 40 A0 J e 76 30000 AR P
BT S WA AR BOR P X i — P R T 4R
R R AEAR Y R A AR A0 RE AR T AR T
IR DA TR D055 1 % 1) AR 40 T ke AL b G
(¥ RS L RES T X AR R A R R 1 ) A A A
PR PN AT A 27 B 285 I S A ) 18— ol T A AL 7

L5 LTI T RlOR AR Y IR B K L6



688 oodb M

L7/ 38 %

NEE R SRR 1 58 75 e K A 1 v A AL ) . T 2R
B R R 7 SN A 75 G AR A B e A SR R X R 2
FRBE I AT 2% AR A M 2 O A
2 Iy A 0 B = AT 2 03 > JEUAR B > ORI (R
BT ) 200 i B I R A R T X Ak 1 A 2R AL R
[ B SR8 R LR AT R A [ Ak 2 T8 25 8 2 Al

S E Lk

1] BR W, wPCH, X 50, 5. KIS R M L e 4 R 5
R AR KB PN [T ], el BREERF 284, 2012, 31(11) .
2 152-2 159.
CHEN T,CHANG Q R, LIU J, etal. Pollution and potential
environment risk assessment of soil heavy metals in sewage ir-
rigation area [ J]. Jowrnal of Agro-Environment Science,
2012, 31(11): 2 152-2 159.

(2] fil/hse. BHER, M )7, % RORIE &R I5 e R BT 5
PERELI]. MW SmEE T, 2014, (8): 15-18.
NI X Y, QIN SM, MEI G, etal. Research progress of heavy

i

&

metal pollution of rice and its control[ J]. Cereal & Feed In-
dustry . 2014, (8): 15-18.

(3] #med. £, FOZE, 5. o E bR KE SR T5 G ) kR
WsE[J]. REE R 5, 2017, 42(2): 35-38.

XIE X J,WANG F Y,WANG G J, etal. Study on heavy metal
pollution in surface water in Chinal]]. Environment Science
and Management , 2017, 42(2) . 35-38.

[4] E¥poE. &4 RIERoR BB R# R FRWY Y558
i, 2014, 45(10): 1 982-1 985.

MA K R. Research progress on the phytoremediation of water
bodies contaminated by heavy metals[J]. Applied Chemical
Industry, 2014, 45(10) . 1 982-1 985.

[5] £ #. MFHE. £ % FRKEEDNEERMCNESR

EATSYKRA B ZRORBIRLT]. KB 5K TR,
2013, (2): 50-56.
WANG M, TANG J C, WANG F, et al. Remediation effect
of common aquatic plants on the combined water pollution of
eutrophication and heavy metals[ J]. Journal of Water Re-
sources & Water Engineering » 2013, (2): 50-56.

[6] #ak. B 2.4 M % ST EHEIFRGH PN E
A6 WA M A A R AR TR A B OE LT, ARk IR B R 2 2 4
2015, 34(11) . 20-27.

LAIJ L, YANG L, FU Q, et al. Bioaccumulation, subcellu-
lar distribution and chemical forms of strontium in Brassica
juncea L.[J]. Journal of Agro-Environment Science, 2015,

34(11): 20-27.

L ILA < SR AR S > 2 00 Tt TR 4 BB = R 4 B
BKBEZHRE S =807 LB EZ LRI
PR £k H o 4 A A B B A A A T AR 0 AR B4 4 i
BE R SR TE R A B AT AL 2 T8 25 T 2 A ) 1) — ol i
PLH .

7] x4k, = lirim 2z & 0] BERES R, 2012, 72(8):
32-33.

LIU X S. Pollution confused of Qibaoshan[]J]. Tribune of
Land and Resources, 2012, 72(8) :32-33.
[8] HIEAR, XM, W], . Wimg il P50 X 52 IR
[ i 3T R85 35 G e LU SELT ). iR AR, 2005, 25(6) :9-13.
DAIT G, LIU X H. TONG Q M. et al. Comparison of envi-
ronmental pollution at different period of time in Qibaoshan
mine area, Liuyang, Hunan [ J]. Mining and Metallurgical
Engineering » 2005, 25(6):9-13.
[9] Blisc, s, BPHI . S 28PN AR A Wl 3 g e ik &
V20 0 A3 A AR S LT ). ROl SR B A % 2 4R, 2016, 35(8):
1 451-1 457.
LUOJ W, HUANG M Y. YIN DY, et al. Uptake kinetic
characteristics and subcellular distribution of Pb?" and Cd*" in
Neyraudia reynaudiana [J]. Journal of Agro-Environment
Science, 2016, 35(8): 1 451-1 457.
[10] Ednk, deRAr b Mok (M. Jbst. o RAL R
Jiit, 2001 335-336.

[11] RIEH. BRIRHH . SGUEA. )8 Y & 4% i vk X A9 1
T 7 AR B UK S TP B R R 3 [0 ). R AR A A AR 2017,
(4): 1 397-1 406.
WU DM, CHEN X Y, ZENG S C, etal. Heavy metal toler-
ance of Miscanthus plants and their phytoremediation poten-
tialinaban-donedmineland[ ] ). Chinese Journal of Applied
Ecology, 2017, (4): 1 397-1 406.

[12] WIM0E. WIVLHBTE 4 )8 Mn 48 5 44 09 0 sk 5 04 [T ].
] e 75 3CH# . 2016, (11) : 9-10+196.
HU N N. Mn Selection and analysis of hyperaccumulators in-
Xiangjiang river basin[ J]. Chinese Horticulture Abstracts .
2016, (11): 9-10+196.

(130 k3CHk. 2 Fh & A A8 AE 9 X 4 100 B3R % LT 32 AE B IL ) 1
WD, BRP B « P IER MBI %, 2013,

[14] MISHRA V K, UPADHYAY A R, PANDEY S K. et al.
Concentrations of heavy metals and aquatic macrophytes of
Govind Ballabh Pant Sagar an anthropogenic lake affected by

coal mining effluent[ J]. Environmental Monitoring and As-



4 3

M AR A K AR R R R AR S A I A S AL AT S R 689

[15]

[16]

[17]

[18]

[19]

[20]

sessment , 2008, 141, 49-58.

WA, X, FRG, & OANFKEMY X E 4R S E
BEJI I LB SE L], AR AR SR AR, 2006, (5): 541-545.
HUANG Y J, LIUD Y, WANG Y B, et al. Heavy metals
accumulation by hydrophytes[J]. Chinese Journal of Ecolo-
gy, 2006, (5): 541-545.

WOW, 2R, B WL S 3 R R RUKAEAE Y KO A
5 PR B R R B Y AL ROR IR LT L kA BEEOR,
2012, 38(4): 51-54, 60.

HU X, CAI H, CHEN G, ez al. Purification efficiencies of
three types of aquatic plants and combination of them to chro-
mium, nitrogen and phisohirus in wastewater[ J]. Technolo-
gy of Water Treatment , 2012, 38(4) . 51-54, 60.

MO, BROE, B, S OBE NS ESEE R
LTS ok R R LT]. P EA 6 SRR, 2017, 27
(1) 178-186.

LIN H, CHEN S, DONG Y B, et al. Phytoremediation on
heavy metal-polluted water of Pb, Cd, Cr and V by Hydrilla
verticillata and Myriophyllum wverticillatum [ ]]. The Chi-
nese Journal of Nonferrous Metals, 2017, 27(1) . 178-186.
BOPE, MR, 6L AR, B M R X 2 R R T
IRH A Z RS [)]. FREL TR, 2016, 34(6) . 177-181, 154.
HUANG S P, CHEN A X, CHANG Y F, eral. Phytoreme-
diation on wetland in Zaohe River watershed contaminated
with multi heavy matels[ ]J]. Environmental Engineering .
2016, 34(6). 177-181, 154.

45 [, EREIE, PREERE, 5. SRR A B KO 4N il
MRS A5 ] dLIdrbd 2, 2017, (2): 31-37.
ZOU Y, WANG X L, CHEN Y Y, et al. Accunulation,
subcellular distribution and chemical forms of Cadmium in
celery (Apium graveolens 1..) roots[J]. Northern Horticul-
ture, 2017, (2). 31-37.

WENG B, XIE X Y, WEISS D J, et al. Kandelia obovate

(S., L.) yong tolerance machanisms to Cadmium: suncellu-

[21]

[22]

[23]

[24]

[25]

lar distribution, chemical forms and thiol pools[J]. Marine
Pollution Bulletin, 2012, 64. 2 453-2 460.

ZHU X F, WANG Z W, DONG F, et al. Exogenous auxin
alleviates Cadmium toxicity in Arabidopsis thaliana by stimu-
lating synthesis of hemicellulose and increasing the Cadmium
fixation capacity of root cell walls[J]. Journal of Hazardous
Materials, 2013, 263: 398-403.

HU CJ, XIONG L, et al. Tissue accumulation andsubcellu-
lar distribution of vanadium in Brassica juncea and Brassica-
chinensis[ J]. Microchemical Journal, 2013, 10; 575-578.
MR, XVBeTs, EWIEr, . BB A BB X S
AR AR S R [T, IR, 2014, 34(9) 2 440-
2 446.

CHEN Y H,LIU X Y,WANG M X, ez a/. Cadmium toler-
ance, accumulation and relationship with Cd subcellulardistri-
bution in Ricinus communis L. [ J]. Acta Scientiae Circum-
stantiae s 2014, 34(9): 2 440-2 446.

M. & Je. Tt %k, ST ENEISRA AR KA R
R W AN My A A TE A LT, P A 9% 4. 2015, 35
(11): 2 235-2 242.

FU Q. JIN L, YIN Y, et al. Effect of cesium on seedling
growth, its subcellular distribution and chemical forms in
Brassica junces 1. [J]. Acta Bot. Boreal-Occidenti. Sinica,
2015, 35(11) . 2 235-2 242.

P, WAk, 5K RPN 35 B (Euphorbia thymi foli-
al) "R A0 I A A B f 2T A L)) S AR R 2, 2013,
39(3): 50-54.

ZHONG H T, PAN W B, ZHANG T P, et al. Subcelular
distribution and chemical forms of cadmium in Euphorbia
thymifolia L.[J]. Environmental Protection Science, 2013,

39(3): 50-54.

(% . E L)



