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Remediation effects of four halophytes on Cd and Pb compound pollution

CHEN Ke-han'!, ZHANG Ke?®, LI Qu—-sheng"?*, HU Ni!, XU Zhi-min', WEI Jia'

(1.School of Environment, Jinan University, Guangzhou 510632, China; 2.Guangdong Provincial Research Center of Environmental Pollution
Control and Remediation Material, Guangzhou 510632, China; 3.Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences,
Urumqi 830011, China)

Abstract ; Under the different concentrations of Cd, Pb and salinity levels, the sand culture pot experiment was conducted in the greenhouse.
The remediation effects on Cd and Pb compound pollution were compared among four halophytes : Melilotus suaveolens Ledeb., Suaeda sal—
sa, Limonium gmelinii and Atripex aucheri Moq. Indicators, such as enrichment coefficient, transfer coefficient, root net absorption capacity,
root net translocation capacity, extraction rate, and extraction duration, were investigated. The results showed that the biomass of Suaeda
salsa was 13.17 g+pot™, and Cd content in shoot was 97.04 mg-kg™. Cd and Pb uptake and translocation ability of Suaeda salsa were signif—
icantly higher than those of the other three halophytes. A certain concentration of salt could promote plant growth and absorption of Cd and
Pb in four halophytes. The absorption and transport of Cd and Pb were significantly different in four halophytes. For Suaeda salsa, Cd extrac—
tion rate was 31.80%, Cd extraction amount was 938.20 pg+pot™, and the extraction duration was 3.14 years. Suaeda salsa has great poten—
tial in remediation of heavy metal contaminated saline soils.
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Table 1 Concentrations of NaCl, Cd and Pb under

different treatments

NaCl/g-kg™ Ab T Cd/mg-kg™ Pb/mg-kg™
0 CKo 0 0
2 CK, 0 0
2 Cd,,Pbg 1.2 80
2 Cd4Pbi 24 160
4 CK, 0 0
4 Cd;,Pbg 1.2 80
4 Cd,4Pbig 24 160
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Figure 1 Aboveground biomass of four halophytes under different treatments
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Table 2 Concentrations of Cd, Pb in shoots and roots under the different treatments
s Ab3 Cd Fit/mg kg™ (DW) Pb fhit/mg kg (DW)
NaCl/g-kg™ Cd . Pb/mg-kg™ Hi 13 ik i 13 ik

L.V N 0 CK, 2.14+0.08Aa 32.15+1.32Ba 15.16+0.12Ba 86.27+3.21Da

2 CK, 3.1220.12Cc 36.58+1.20Bb 14.86+0.11Ba 79.42+4.58Da

2 Cd,,Pbg 8.35+0.21Ad 55.57+2.17Bc 204.5+11.6Bc 1859+ 121.6Ce

2 Cd,Pb g 23.58+1.54Bf 151.189.17Cd 426.8+17.3Be 1485 +106.4Bd

4 CK, 2.610.06Bb 31.97+1.65Ba 17.21£0.14Bb 102.3£9.27Ba

4 Cd;5Phg 9.30+0.32Ae 37.58+2.89Bb 226.6+14.5Ad 1192 £109.2Bc

4 CdaPb g 26.03+1.29Cg 194.16+6.25Ce 513.1+14.5Af 894.6 +75.6Ab

+h Hh B 0 CK, 10.08+0.65Ch 51.96+2.13Ca 11.58+0.01Ab 70.96+5.21Ca
2 CK, 2.32+0.13Aa 51.29+3.15Da 10.52+0.56Aa 42.13£3.14Aa

2 Cd,Phg 57.52+2.17Dc 99.54+4.18Ce 190.2+11.2Ad 964.3 £80.54Ac

2 Cd,.Pb g 96.80+2.12Cd 63.74+3.18Bc 425.6+27.1Af 1182+ 95.6Ad

4 CK, 2.04+0.16Aa 53.76+4.21Cb 16.28+1.20Ac 62.14+4.32Aa
4 Cd;5Phg 59.27+2.89Dc 103.748.23Cf 269.1+19.1Be 427.1 +29.47Ab

4 Cd24Pb g 97.04+3.09Dd 65.09+2.46Bd 552.8+31.4Bg 1105+ 82.64Bd

R I 0 CK, 3.42+0.21Bab 52.13+3.28Cb 16.38+1.32Ca 42.51£3.21Aa
2 CK, 2.79£0.15Ba 42.95+3.69Ca 21.4621.21Cc 63.21+4.81Ba

2 Cd;5Phg 12.81£1.01Bc 302.9+15.81Dd 342.4+21.9Dd 2445+125.6 Db

2 Cd,4Pbg 19.16+0.46Ae 495.24+21.18Df 765.4+41.2Dg 3827+241.6Dd

4 CK, 4.65+0.32Db 61.28+4.62Dc 18.2121.32Ch 68.45+5.12Aa

4 CdyPbg 16.72+0.98Cd 402.1217.45De 354.3+17.5De 2952+ 218.9Dc

4 Cd,4Pbg 23.99+1.76Bf 512.1+12.95Dg 750.9+52.1Df 4068 +314.5Ce

WP 0 CK, 3.42+0.13Ba 12.5421.21Ab 21.85+1.52Db 63.21+4.21Ba
2 CK, 5.32+0.21Dc 11.09+1.05Aa 25.42+1.84Dc 70.19+3.58Ca

2 CdyPhg 14.76+0.38Ce 15.81+1.92Ac¢ 216.3%16.7Cd 1802+ 102.8Bb

2 Cd24Pb g 23.38+1.37Bg 30.09+2.44Ae 519.5+28.4Cf 3463 +187.6Cd

4 CK, 4.1720.32Cb 18.371.52Ad 19.62+1.62Da 62.84+5.12Aa

4 Cd,,Pby 13.15+1.09Bd 16.6122.30Ac 303.8221.6Ce 2531 £195.6Cc

4 Cd,4Pbg 21.86+0.64Af 34.78+2.82Af 612.4+17.4Cg 4707+321.8De

T R AR RIS 5 B R BHAS ) it il 1) 22 57 43, S ) /NG 5 Bl AR AR ) i AR [ A 380 i 2 e (. 25 (P<0.05) . Il

Note: Different uppercase letters indicate significant difference(P<0.05) among different cultivars , different lowercase letters indicate significant differ—

ence(P<0.05) among different treatments. The same below.
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Figure 3 The extraction rate of four halophytes
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R 3 ARRELET A EEY Cd.Ph RKHIZEE S LR
Table 3 Accumulation and transportation of four halophytes under the different treatments
P Ib3 AR RE 1/g - ke R HZRE S1/g- ke
NaCl/g-kg™ Cd . Pb/mg kg™ Cd Ph Cd Pb
BERHR 2 Cd,,Pbs, 0.12+0.01Aa 1.85+0.23Bc 0.07+£0.01Aa 1.63+0.21Bc
2 Cd»4Pbigo 0.14+0.01Ab 2.85+0.25Bd 0.10+0.01Ab 2.59+0.25Bd
4 Cd,,Pbg 0.24+0.02Ac 1.56+0.15Bb 0.09+0.01Ab 1.11+0.12Bb
4 Cd4Pbi 0.27+0.02Ad 1.48+0.11Ba 0.08+0.01Aa 1.00+0.25Ba
Eh HmsE 2 Cd,,Pbg 0.62+0.04Ca 3.20+0.42Ca 0.53+0.06Da 2.45+0.12Ca
2 Cd4Pbig 1.12+0.15Db 5.05+0.56Db 1.02+0.12Bc 4.61+0.62Db
4 Cd,,Pbs, 1.48+0.12Dd 7.71+0.74Dd 1.41+0.16Dd 6.22+0.65Dd
4 Cd»4Pbigo 1.17+0.13Dc¢ 6.42+0.82Dc 0.86+0.08Ch 4.91+0.52Dc¢
L N 2 Cd;,Pbg, 0.12+0.02Aa 3.49+0.42Da 0.11+0.02Bb 2.92+0.24Dc
2 Cd24Pbi 0.53+0.04Cb 3.57+0.21Ch 0.13+0.02Ab 2.77+0.26Ch
4 Cd;2Phsg 0.57+0.06Cc 6.34+0.56Cd 0.07+£0.01Aa 5.54+0.62Cd
4 Cd,4Pbigo 0.66+0.06Cd 3.68+0.23Cc 0.09+£0.01Aa 2.42+0.31Ca
WP R TR 2 Cd,,Pbs, 0.20+0.01Bb 0.47+0.06Ab 0.19+0.02Ca 0.09+0.01Aa
2 Cd24Pbi 0.16+0.05Ba 0.27£0.02Aa 0.16+0.02Aa 0.06+£0.01Aa
4 Cd,,Pbg, 0.50+0.01Bc 0.70+0.08Ad 0.47+0.04Ba 0.31+0.03Ac
4 Cd4Pbig 0.40+0.03Bc 0.61+0.04Ac 0.39+0.04Bb 0.21+0.05Ab

TR AR I Cd &0 32.47 pg- 47 &35
M) Cd Pb S BOs AL A A AR 2251, Pb $R it
AL B s AN RER T 25 T Cd $RIBGAH LI 8] f
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)5 A B TR N B AR ERRE Cd P AR 3V 32 A 3
I B ARG, K e B A BRI i 4 2R B0 5y, Mk B Ak
B 4 R BN, SR Cd &4 REGE 49.40, 1
EB Cd B AERES 97.04 mg kg, 15 RH0GA 1.52, 1
I S G E R ) R IR A A . R
i R 2 AR A A W M 5 i e g, o A T 3
16 52 S B ) T 02 30 o WSO AR 0 7 b 5 0 A e A
B, — 5 T T R A B AER , 55— 7 T T4 P b
kR Cd YRS

R BCR 5 B LI 8 AR e 16 B B4R
15 g LI T A SR X A RO ] R
HESERDRE P53 B ALK |, SRS L i R )
FAEA ZAS Cd Pb B A ) 58 4 WS04 Ak Ir 7 st 1) o
AT Pb iE AFEYIA G K ZUT5E & SRR A 240
JBE AR A, ME LU RS B B4, i Cd RS Bl
PETE KT Pb RS, SOULRAEYINTT Cd BI4RE
R 5 TXT P AYHRECR, Cd FEBUAHLT R) i 2
D FHRBUAAE Ph BT AEHA]  ASHF ST Y, JURRER A=A
PRI IR TEMFRPREE G R, Eh M fsiE FLAT AR
Wei%iz Cd /8 15 FRIGHCR & AR I L s 8] %2 1
g, BA BRI R AR 1, Fe B X 8 4 g AR 434
BRI ZBRECR, EE AR Cd 53 ik H1E K
S R HAT AR K s 7 A, AN L

4 #ig

(1) 223 %o bE PURRER 2E A 0 o6 S A S B iE &2
REST, R B s M AR AR O 1317 - 257, b

F#B Cd &R A 5A 97.04 mg kg™, Cd fi RIRHUE Ky
31.80% ; #EHL Cd 7] 1k 938.20 wg- 75", HEHU4 AL st
(B4R 3.14 4F ; SR AT AR 58 0 W ER B8 77, il Hh ik
ETEZ B AR Cd 15 L3k B 5 e A B0
H15MME

(2)4 g-kg™ NaCl 4bFEF PUFRPER A= HE 4 () b 1348
A AR Cd Pb SR E R T 2 g kg 4bH,
BHIE 2k B $h A NMEGE S A AR AR E T
AR A AE AR TR 1 4 iR

(3)Eh HuBdZ X Cd . Pb (AR WIS RE 1 5 MR G5 iz
RE ) B2 LA =R A AR Y, 3R PR M |
I e e A 4 A R AR R 1) W AL B ) AN AR
M iz e SR E R

(4) DU FhER A= AE P XF Cd \Pb WS RN i FE 7R 35
KES, WEHESEERET Pb FWKGHE R E & T
Cd,

Sk

[1] Rozema J, Flowers T. Crops for a salinized world[J]. Science, 2008, 322
(5907) : 1478-1480.

[2] Ravindran K, Venkatesan K, Balakrishnan V, et al. Restoration of saline
land by halophytes for Indian soils[J]. Soil Biology and Biochemistry,
2007,39(10):2661-2664.

[3] Gabrijel O, Davor R, Zed R, et al. Cadmium accumulation by muskmelon
under salt stress in contaminated organic soil[J]. Science of the Total
Environment, 2009, 407(7):2175-2182.

[4] Duarte B, Caetano M, Almeida P R, et al. Accumulation and biological
cycling of heavy metal in four salt marsh species, from Tagus estuary
(Portugal )[J]. Environmental Pollution, 2010, 158(5):1661-1668.

[5] AR UFIE, ZEAEHRT, JA A R M) iRkl 15 3R 43 A AL B KOV e 1Y
FRETHIWEFELN]. - 4E574,2006, 43(4) . 571-576.

YU Hai-ying, LI Ting—xuan, ZHOU Jian —min. Salt in typical green—
house soil profiles and its potential environment effect[J]. Acta Pedolog-
ica Sinica, 2006, 43(4):571-576.

[6] Li Q S, Chen Y, Fu H, et al. Health risk of heavy metals in food crops
grown on reclaimed tidal flat soil in the Pearl River Estuary, ChinalJ].
Journal of Hazardous Materials, 2012, 227 :148-154.

[7] Du Laing G, Rinklebe J, Vandecasteele B, et al. Trace metal behaviour
in estuarine and riverine floodplain soils and sediments: A review[]].
Science of the Total Environment, 2009, 407(13) :3972-3985.

[8] Mahar A, Wang P, Ali A, et al. Challenges and opportunities in the phy—
toremediation of heavy metals contaminated soils: A review, China[J]. E-
cotoxicology and Environmental Safety, 2016, 126:111-121.

[9] Manousaki E, Kalogerakis N. Phytoextraction of Pb and Cd by the
mediterranean saltbush(Atriplex halimus 1..) : Metal uptake in relation to
salinity[J]. Environmental Science and Pollution Research, 2009, 16(7):
844-854.

[10] Wang H L, Tian C Y, Jiang L, et al. Remediation of heavy metals con—



BRI, 8 DURRER AT Cd Ph 52 4 15 Yb UG 52 HUR RIS 465

taminated saline soils: A halophyte choice?|[]J]. Environmental Science
and Technology, 2013, 48(1):21-22.

LU BT, bk 09, £ 300, S5, AR R ER A X $h A Y AR AR Y

Yl A K T BT IR 43 A BRI ] P L P R 24, 2015,
23(4):405-412.
BIAN A-na, LIN Ming, WANG Wen —qing, et al. Effects of root salt
stress on growth and allocation of mineral elements in halophyte and
glycophyte seedlings|J]. Journal of Tropical and Subiropical Botany,2015,
23(4):405-412.

(128X AT 3, 2k ity B 4, 45, P E R IRAAE I, ALY 447
1999, 16(3):201-207.

ZHAO Ke-fu, LI Fa—zeng, FAN Shou—jin, et al. Halophytes in China
[J]. Chinese Bulletin of Botany, 1999,16(3):201-207.

[13] Han R M, Lefevre I, Ruan C J, et al. Effects of salinity on the response
of the wetland halophyte Kosteletzkya virginica(L.) presl: To cop-
per toxicity[J]. Water, Air, & Soil Pollution,2012,223(3):1137-1150.

[14] Bankaji I, Sleimi N, Lopez—Climent M, et al. Effects of combined abiot—-
ic stresses on growth, trace element accumulation, and phytohormone
regulation in two halophytic species[J]. Journal of Plant Growth Regu—
lation, 2014, 33(3 ) :632-643.

[15] Chai M W, Shi F C, Li R L, et al. Effect of NaCl on growth and Cd ac—
cumulation of halophyte spartina alterniflora under CdCl, stress [J].
South African Journal of Botany, 2013, 85(2):63-69.

[16] Clough B F. Growth and salt balance of the mangroves Avicennia mari—
na(Forsk.) Vierh. and Rhizophora stylosa Griff. in relation to salinity
[J]. Plant Physiology, 1984, 11(5):419-430.

[17] Khan M A, Ungar I A, Showalter A M. The effect of salinity on the
growth, water status, and ion content of a leaf succulent perennial halo—
phyte, Suaeda fruticosa(L.) Forssk.[]]. Journal of Arid Environments,
2000, 45(1):73-84.

[18] Brownell P. E. Sodium as an essential micronutrient for a higher plant
(Atriplex vesicaria)[J]. Plant Physiology, 1965, 40(3 ) :460-468.

[19] Brownell P E, Crossland C J. The requirement for sodium as a mi—
cronutrient by species having C4 dicarboxylic photosynthetic pathway
[J]. Plant Physiology, 1972, 49(5):794-797.

[20] Mandak B, Pysek P. Effects of plant density and nutrient levels on fruit
polymorphism in A rtiplex sagittata[J]. Oecologia, 1999, 119(1) :63-72.

1156 ¥, BRIOR, @A, 4. JURM—FA A s 1]
HYE IR SALEAHR, 2015, 21(1) :269-276.

GUO Yang, CHEN Bo-lang, SHENG Jian—dong, et al. Salt absorption
capacities of several annul halophytes[J]. Journal of Plant Nutrition and
Fertilizer, 2015, 21(1) :269-276.

[22] BRI AL, F o H7. AR e 2 S X I W AR
FREER}2E, 2005, 26(3): 167-171.

WEI Shu-he, ZHOU Qi-Xing, WANG—-Xin. Cadmium-hyperaccumu-
lator Solanum nigrum L. and its accumulating characteristics[J]. Envi—
ronmental Science, 2005, 26(3):167-171.

23] %) @, WK, WEE4R. FIESE (Viola baoshanensis ): —Fi)
Cd B E Y. Bl ,2003,48(19):2046-2049.

LIU Wei, SHU Wen—-sheng, LAN Chong—yu. A new cadmium-hyper—
accumulate plant: Viola baoshanensis[J]]. Chinese Science Bulletin,
2003, 48(19) :2046-2049.

24195 F, X1 g, sk, SF. 1) H ZELIETXT Ph Cu W 4R AE 1 STt
SZHEWIFEN]. K L OREEEAR, 2007, 21(6) :92-95.

GUO Ping, LIU Chang, ZHANG Hai-bo, et al. Studies on enrichment
and tolerance ability to Pb, Cu of sunflower seedlings[J]. Journal of Soil
and Water Conservation, 2007, 21(6):92-95.

[25] McGrath S P, Shen Z G, Zhao F J. Heavy metal uptake and chemical
changes in the rhizosphere of Thlaspi caerulescens and Thlaspi
ochroleucum grown in contaminated soils[J]. Plant and Soil, 1997,
188.153-159.

[26] Lefevre 1, Correal E, Lutts S. Cadmium tolerance and accumulation in
the noxious weed Zygophyllum fabago|J]. Canadian Journal of Botany,
2005, 83(12):1655-1662.

[27] 4= Z ik, INIBEE, FNVBRHT. KB S AF T URAE A Cd (Pb & 4R 4FAE
[J]. A= A52E24, 2010, 29(2) : 261-268.

NIU Zhi—xin, SUN Li-na, SUN Tie—heng. Enrichment characteristics
of Cd and Pb by four kinds of plant under hydroponic culture[J].
Chinese Journal of Ecology, 2010,29(2):261-268.

28] £ 7, PR, RS A Cd-Pb Z AT YAE HIE- KR RGPS
B SR, AR AR S ERE, 2001,17(2) :41-44.

WANG Xin, LIANG Ren-lu, ZHOU Qi-xing. Ecological effect of Cd—
Pb combined pollution on soil-rice system[]]. Rural Eco—Environment,

2001, 17(2):41-44.



