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Abstract. Phytoremediation is an altemative technology to remove heavy metals in contaminated 
soil. Vetiver grass ( Vetìveria zizanioides (Linn.) Nash) was used for Cadmium (Cd) and Lead (Pb) 
removal experiments in 4 various soil types: (S l) sandy soil vvith abundant organic matter; (S2) 
sandy soil vvith poor organic matter; (S3) clay soil vvith abundant organic matter; (S4) clay soil 
vvith poor organic matter. Plants were grown for 30 days beíòre transferring to experimentaỉ pots. 
Pb(N03)2 solution was added to the soil types in each experimental pot at 0, 100, 300 and 700ppm; 
similarly CdCl2: 0, 10, 30 and 60ppm. Pỉants vvere observed for their growth and harvested after 3 
months. Cd and Pb accumulation in roots and shoots was analyzed. The results shovved that 
Vetiver grass grew in 4 various soil types. The statistical analysis indicated that vetiver’s uptake 
ability o f Cd and Pb increase as the level o f Pb, Cd in various soil types increase. Cd accumulation 
rates between shoots and roots o f vetiver grass were fairly ỉovv (< 13.32%); on the contrary, the 
accumulation rates o f Pb shoot/ root is very high (9.72%-88.14%). Thereíòre, vetiver grass can use 
to phytoextration o f Pb and phytostabiỉization o f Cd.
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1. In tro d u c tio n

H eavy metal contam ination is caused by 
various sources, such as industrial processes, 
m anufacturing, disposal o f  industrial and 
dom estic refuse, and agricultural practices. 
Phytorem ediation is considered an  innovative, 
econom ical, and environm entally  com patible 
solution for rem ediating som e o f  heavy metal 
contam inated sites [3,4]. T he m ain factors 
controlling the ability o f  phytorem ediation are 
plant species, metal availability  to  plant roots,
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metal uptake by roots, metal translocation from 
roots to  shoots and plant tolerance to  toxic 
m etals. T h ere  are m any types o f  plants currently 
used in phytorem ediation, such as Thlaspi 
careruỉescens, A ỉyssum  murơle, A. ỉesbiacum, 
a n d  A. íen ium . Hovvever, the  remediation 
potential m ay be lim ited due to  the slovv growth 
and low b iom ass o f  these plants.

R ecently  phytorem ediation researchers have 
discovered th a t vetiver grass ( Vetiveria 
zizanioides  (L inn .) Nash,) can accum ulate high 
levels o f  m eta ls . T he metal accum ulating ability 
o f  this p lan t, coup led  vvith m etal tolerance and 
high shoot b iom ass, makes th is plant ideal for
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phytoextraction (RandloíT e t al., 1995; Knoll, 
1997; T ruong and Baker, 1998; C hen, 2000) [2, 
5-7]. V etiver grass has been w idely  know n for 
it effectiveness in erosion and  sed im ent control 
(T ruong  et al., 1995). In A ustralia , vetiver grass 
vvas used to  stabilize landíìll and industrial 
waste sites contam inated w ith  heavy m etals 
su c h  as  A s, Cd, Cr, N i, Cu, Pb and  H g (Truong 
and Baker, 1998). In C hina , ve tiver grass was 
planted in a large scale for po llu tion  control and 
m inc tail stabilization (C hen, 2000) [2].

In V ictnam , vetiver g rass  has been 
su c c e s s fu lly  fo r erosion c o n tro l  a n d  slo p e  

stabilization. H owever, to  the  best o f  our 
know ledge, the study on phytoextraction o f  
heavy m etal by vetiver g rass is still lacking. 
H ence, the objectives o f  th is  research  w ere to 
investigate phytorem ediation o f  C d and Pb in 
various soil types.

2. M a te ria ls  an d  m e th o d s

2.1. Soil and Pỉant Preparaíion

Soil sam ples w ere co llected  from  to p  soils. 
It vvas air-dried and thoroughly  m ixed  before 
use. Physical and chem ical p roperties  (/.e ., soil 
texture, soil pH , organic m atter, to ta l nitrogen, 
total phosphorus and potassium ) w ere analyzed 
(Table 1). Initial Cd and Pb con ten t in the soil 
vvere analyzed prior to  the experim en t. Four soil 
types w ere used in the experim ent: ( S l )  the 
sandy soil w ith abundant o rgan ic  m atter; (S2) 
the sandy soil w ith poor o rgan ic  m atter; (S3) 
the d a y  soil vvith poor organic  m atter; and (S4) 
the clay soil vvith abundant o rgan ic  m atter.

(a) s 1: G arden soil add ing  m uck  was 
sampled in the N o. 10 H oa M inh  w ard, Lien 
Chieu district, D anag city.

(b) S2: G arden soil w ithou t m uck  w as 
sampled in the No. 10 H oa M inh vvard, Lien 
Chieu district, D anag city.

(c) S3: H ill soil w as sam pled in the N orth o f  
Hoa Khanh vvard, Lien Chieu district, Danag 
city.

(d) S4: R iceíĩeld  soil was sam pled in Dien 
Hoa com m une, Dien Ban district, Q uang Nam 
province.

T he experim ent w as conducted in 
greenhouse a t Bio-experim ental H ouse, the 
faculty o f  B iology & Environm ental Science, 
The U niversity  o f  Education -  Danang 
University. T he experim ental pot vvas plastic 
w ith 25 cm  upper diam eter, 20 cm lower 
diam eter and 35 cm height. The experim ental 
pots vvere set up by adding 10  kg o f  soil sample 
into each pot. Further culling vvas done to 
obtain 5 plants in each pot. The vetiver grass 
w ere planted in 4 diíTerent Pb concentrations (0, 
100, 300 and 700 ppm ) and 4 diíTerent Cd 
concen tra tions  (0 , 10, 3 0  an d  60ppm ). A fter 1 
m onth o f  grovvth, lead nitrate (Pb(N Ơ 3)2) and 
Cadm ium  chlorinate (C dC h) solutions were 
added and 3 replicates vvere done for each 
com position. T he expcrim ental pots were 
arranged in  a  w ay that a Com pletely 
R andom ized B lock Design could be conducted. 
Physical changes o f  plants in each pot were 
observed daily.

Table 1. The physical and chemical properties o f soil 
studied

Parameters Unit Soil types
SI S2 S3 S4

Total % 0.033 0.003 0.075 0.004
Nitrogen
Total % 0.025 0.021 0.065 0.037
phosphorus
k 20 5 % 0.382 0.214 0.964 0.999
pH 5.360 4.760 6.280 4.417
CHC % 6.90 0.60 3.59 0.39
Pb ppm 2.625 3.400 6.775 5.675
Cd ppm 0.069 0.071 0.191 0.08

2.2. Pb, Cd analyiation in plants and soils

Plants w ere harvested after 3 m oths o f  
plantation. Each plant vvas rinsed, cut, and
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group selected into shoots and roots. Each part
o

w as dried  in an oven at 65 c for 72 hours. Both 
vvet and dry w eights w ere recorded. All dried 
parts w ere ground using m ortar, mixed 
thoroughly, and digested w ith HNO3. Sample 
solutions vvere analyzed for C d and Pb by ílame 
atom ic absorption on a Spectrophotom eter. The 
soil w as air-dried and digested with HNO3. 
A nalysis o f  Cd and Pb w as conducted by the 
sam e procedure described above [ 1 ].

2.3. The E ffìciency o f  Pb, C d  Rem oval

T he EíTiciency o f  Pb, Cd Rem oval vvas 
calcu lated  using the equation belovv:

c n -  ■ f  D U  rA  ( p b  / c d  i n  s h o o t s  +  P b / C d
ĩ n ° o ọ g g x T 0 0
Total Pb/Cd in pot (mg)

T hen, data were statistically  analyzed using 
analysis o f  variance and D uncan’s m ultiple 
range tests for mean com parison. A probability 
level o f  p<0.05 vvas considered for significant 
d iíĩerence.

3. R esu lts  an d  discussion

3.1. G row lh observation

D uring the experim ental period, all vetiver 
grass survied unđer all conditions o f  Pb, Cd 
concentration in soils. T here w as an increase in 
plant height until harvest at three m onths afìer 
Pb, Cd w ere added (Fig. 1).

Fig. 1. Height (cm) o f vetiver grass planted in soil 
types contaminated with Cd/Pb added in 4 levels,

taken at 1, 2 and 3 months after application.

In addition , the vetiver grass grevv best in 
the sand soil vvith abundant organic matter (S l)  
and vvorst in the clay  soil w ith poor organic 
m atter (S4).

From statistical analysis, it w as found that 
the vetiver grass could grow  well even on soils 
contam inated w ith C d and Pb. It might be 
concluded that Pb/Cd in soil even at the level 
above critical value to  plant grovvth has no 
negative e íĩe c t on vetiver grow th. This íìnding 
is sim ilar to  the results o f  T ruong  (1999), 
R oongtanakiat and Chairoj (2001). It was 
coníirm ed that vetiver grasses are highly 
tolerant, and  thus could grovv in highly Pb- 
contam inateđ soils.

3.2. C d  a n d  Pb accum ulation in  p ỉa n í

The resu lts show ed that a vetiver could take 
up m ore am ounts o f  Cd and  Pb w hen there are 
p lẹnty o f  C d and Pb in 4 soil types (Table 2 and 
Fig. 2). T here  w as signiíĩcant d iíĩe rence  among 
soil types regarding V etiver’s accum ulation o f 
C d and Pb. V etiver’s accum ulation ability o f 
Cd and Pb in shoot and root in various soil 
types descending S1>S2>S3>S4. Surpris:ngly, 
the S3 gave high grovvth but lovvest C d and Pb 
accum ulatĩon com pared to  those o f  the other
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threc  soil types. These íìnding suggested that 
the soil type could cause the diíTerence in Cd 
and Pb accum ulation in vetiver plants. Allovvay 
(1997), Baker and Senít (1997) reported that 
p lan t species as well as cultivars d iíĩe r widely 
in th c ir  uptake ability and accum ulation o f  
heavy  metals.

T he  average highest heavy metal 
concentrations in shoot o f  vetiver grass for Cd 
and Pb were 2.95ppm  and 74.65ppm, 
rcspectively. They w ere low er than the toxic 
threshold  levels (Truong, 1999). In vetiver 
roots, vetiver grass could accum ulate the 
h ighcst am ount o f  Cd and Pb at the highest Cd 
and Pb level in soil group SI and S4. The 
average highest Cd and Pb concentrations in 
roots o f  vetiver grass w ere 43.24ppm  and 
85.7 lppm , respectively.

C om paring the distribution o f  Cd and Pb 
concentralion in the parts o f  vetiver grass, Cd 
and Pb vvas found to accum ulate m ore in roots 
than in shoots. Hovvever, Pb vvas translocated 
m ore to  shoot (the accum ulation rate in 
shoot/root is from 9.92%  to  87.94% ) w hile Cd 
w as accum ulated m ore in root (the 
accum ulation rate in shooưroot is form 1.85% 
to  13.32% ).This finding is sim ilar to  the results 
o f  T ruong  (1999) and R oongtanakiat et. al. 
(2002) [5, 8]. T hey  found that a  sm all am ount

o f  Cd and a m oderate proportion o f  Pb were 
translocated to the shoot.
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Fig. 2. Concentration o f  Cd (a) and Pb (b) in shoot 
and root o f vetiver pỉanted in soil types 

contaminated vvith Pb, Cd added in 4 levels
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Tabỉe 2. Concentrations o f Cd and Pb in the shoots and roots of vetiver grass planted in 4 various soil types with
Pb, Cd in 4 levels

Heavy metal Soil types Cd/Pb ỉevels (ppm) Cd/Pb in shoot (ppm) Cd/Pb in root
(ppm )

%  Cd/Pb in shoot /root

Cd

Pb

M ±Sd M ±Sd
SI control 0.02 ±0.003* 1.08 ±0.005* 1.85

10 0.87 ±0.019b 8.54 ±0.040b 10.19
30 1.87 ±0.010 ' 25.59 ±0.625c 7.31
60 2.95 ±0.006d 43.24 ±1.034d 6.82

s  2 control 0.02 ±0.003* 0.81 ±0.019* 2 4 7
10 0.8 ±0.009b 7.56 ±0.065b 10.58
30 1.71 ±0.0 !4C 24.35 ±0.57 l c 7.02
60 2.93 ±0.025d 42.34 ±0.482d 6.92

s  3 control 0.02 ±0.005* 1.07 ±0.014* 1.87
10 0.79 ±0.003b 7.31 ±0.157b 10.81
30 1.52 ±0.020' 21.09 ±0.920c 7.21
60 2.58 ±0.01 ld 37.24 ±1.519“ 6.93

s  4 control 0.02 ±0.002* 0.82 ±0.013* 2.44
10 0.71 ±0.013b 5.33 ±0.068b 13.32
30 1.7 ±0.0 11 ' 21.62 ±0.836c 7.86
60 2.2 ±0.007đ 35.31 ±1.826d 6.23

SI control 0.2 ±0.01* 2.04 ±0.16* 9.80
100 6.55 ±0.14b 25.52 ±1.19b 25.67
300 38.23 ±0.73° 50.29 ±0.97c 76.02
700 74.65 ±0.68d 84.69 ±1.17* 88.14

s  2 control 0.13 ±0.0 r 1.31 ±0.30* 9.92
100 5.93 ±0.09b 26.32 ±2.05b 22.53
300 38.02 ±0.47c 50.11 ±0.54' 75.87
700 72.27 ±0.89đ 82.18 ±2 .88đ 87.94

s 3 control 0.26 ±0.03* 2.59 ±0.22* 10.04
100 3.93 ±0.09b 23.30 ± 1 .20b 16.87
300 37.46 ±1.52' 51.51 ±1.43° 72.72
700 65.64 ±l.33d 76.96 ±1.48d 85.29

s  4 control 0.21 ±0.02* 2.16 ±0.08* 9.72
100 4.32 ±0.33b 26.32 ±0.97b 16.41
300 32.48 ± 1 .02' 49.78 ± 1.02' 65.25
700 70.08 iO.3011 85.71 ±0.81d 81.76

Note: The same letters on the same comer means that there is no signiíìcant difference at 95% coníìdence ỉevel 

3.3. The E ffìcietìcy o f  C d  a n d  Pb R em ovaỉ

In general, the rem oval o f  Cd and Pb from 
contam inated soil vvas correlated vvith m ore Cd 
and Pb accum ulation by roots and shoots o f  
plants ( Table 3). The present study indicated 
that the Pb removal efficiency o f  V etiver grass 
w as very low (the highest eíTiciency was
0.26% ). On the contraiy, the C d removal 
efficiency o f  V etiver grass w as quite high (the

highest e ííìc iency  w as 0.72% ). T he highest 
efficiency o f  C d and  Pb rem oval o f  vetiver 
grass w ere a t lOOppm in soil group S I (table 2). 
The Cd and Pb rem oval efficiency o f  Vetiver 
grass in 4 various soil types descending 
S1>S2>S3>S4. T hese finding suggested that 
the soil lype could cause the d iíĩerence in Cd 
and Pb distribution in vetiver grass as vvell as 
the rem oval eíTiciency.
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T able 3. E íĩiciency o f  C d and Pb rem oval o f  Vetiver 
grass pỉanted in soil types contam inated w ith Pb, Cd 

added in 3 levels

Heavy Cd/Pb ỉevcỉs Soil types
metal (ppm ) SI S2 S3 S4
Cd 10 0.72 0.62 0.60 0.44

30 0.69 0.64 0.56 0.53
60 0.58 0.54 0.44 0.39

Pb 100 0.26 0.24 0.19 0.22
300 0.23 0.22 0.21 0.19
700 0.18 0.16 0.14 0.15

4. C onclusion

T he vetiver grass had a high tolerance to  Cd 
and Pb. It can  grovv in  v a rio u s  so il types  (sand 
and clay; abundant and poor organic m atter) 
vvith high Cd an d  Pb levels in soil (Cd: 10 - 
60ppm , over V ietnam ’s Standard -TCV N  7209- 
2002- from  5 to  30 tim es; Pb: 100 -  700ppm, 
over V ietnam ’s Standard -TCV N  7209-2002- 
from  1.5 to  10 tim es). T he heavy metal 
accum ulation betw een shoots and roots o f  
V eliver grass for Pb w as quite high (9.92 -  
87.94% ); in contrary, for C d vvas very low 
(<  13.32%). T hereío re, the  im portant 
im plication o f  these íìnd ings is that vetiver can 
be used for phytoextraction o f  Pb and 
phytostabilization o f  C d on sites contam inated 
w ith high levels o f  heavy m etals.
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