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ABSTRACT

The effects of chelating agents on Chromium (Cr)l &ad (Pb) absorption were studied by planting
pineapple Ananas comosus (L.) Merr. in contaminated soil. All plant samphlesre grown in a nursery for 30
days and then separated into seven sets: SetdX)dtkhing added (Blank); (2) had Pb added as PH(tiate
(Pb(NQ),) at 500 mg kg soil; (3) added Pb(ll) nitrate and EDTA, a chelgtagent; (4) contained both Pb(Il)
nitrate and EDDS, a second chelating agent; (5) attled Cr as potassium dichromateGKO-), at 400 mg
kg™ soil; (6) was treated with Cr (potassium dichraehatlus EDTA; and (7) contained both Cr (potassium
dichromate) and EDDS. The chelating agent condémsawere 2 millimoles per kilogram soil. Soil apidnt
contamination levels were measured by analyzin@Cth€Cr(V1) and total Pb after growing for 30, &0 and
120 days. The analysis divided the plant samplestivo parts: Aboveground and underground. Plaoivtr
was also analyzed by dry weight, root length aratession of toxicity through withered leaves antioye
leaf symptoms. The results of this study indicduat tafter 60 days, the EDTA agent had the highest P
absorption efficiency, with the plant sample abs@288.14 mg Pb per kg soil in the aboveground gad
796.66 mg kg soil in the underground part. The EDTA agent hagh ICr absorption efficiency, with the
plant sample absorbing Cr at 545.72 mg"lkapil in the aboveground part and 2267.99 md kgil in the
underground part after 90 days. The EDTA and EDshes did not affect pineapple growth and expressio
of toxicity symptoms were statistically significgp0.05) compared with the control sets.

Keywords EDTA, EDDS, Cr, Pb, Phytoremediatiofsanas Comosus

1.INTRODUCTION contaminated soil to achieve a steady state; a ichbm
technique uses sedimentation and chemical reduatidn
Heavy metals affect human daily life because oir the biological techniques make use of absorption by
long-term environmental stability. The main soureds  microorganism and using plants for containment,
these hazardous substances are industrial andulagat  degradation or extraction of xenobiotics from waited soil
activities.Some hevy metals such as Chromium (@d) a substrates through a process known as phytorenagdiat
lead (Pb) are toxic to humans at low levels. Tlesgmce of  (Sampanpanistet al., 2006; Abduet al., 2011). This
heavy metal contamination in water, air and saild@rupt  biological technique offers an economical and muasive
human and animal life cycles and cause damage tmdial alternative for treating polluted soils. Phytoremagdn is
chain through bio-accumulation. Soil remediatiorthuds also recognized as a green technology (Kuenal., 1995;
include physical, chemical and biological techngueor Huanget al., 1997; Salgt al., 1997; Blaylocket al., 1997;
example, one physical technique involves washingVassil e al., 1998; Mohdet al.,, 2013) and removes
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pollutants from contaminated soils by root absorptnd
translocation to harvestable plant parts. Rej@b. (2013).

The two chelating agents, EDTA and EDDS, were
prepared at a concentration of 2 millimoles perskg.

This study examined enhanced phytoremediationNg,EDTA and NgEDDS salt were used to make a

of heavy metals using chelating agents to imprdnee t
solubility of heavy metals from soil. Two chelating
agents, Ethylene Diaminete Traacetic Acid (EDTahd
Ethylene Diamine Disuccinate (EDDS), were seledted

their efficiency as soil amendments. EDTA and EDDS

differ significantly in their distinguishing characistics.

EDTA is resistant to biodegradation and has a high

environmental persistence. EDTA therefore exhitits
prolonged presence in the soil and presents a

and is readily biodegradable.

The plant species used for phytoremediation in this

study was Ananas comosus (L.) Merr. (Pineapple),
grown in an agricultural soil contaminated with &rd
Pb, resulting from disposal of solid hazardous wast
from a nearby industrial zone in the eastern pdrt o
Thailand. Pineapple is the dominant crop in thisaar
favored due to its rapid growth and high vyield.
Therefore, it is pertinent to explore pineappldidity to
absorb and translocate heavy metals as a potemtiahs

of bioremediation. The objective of this study was
compare the ability of the two chelating agents,TED
and EDDS, in increasing uptake of Cr and Pb

2. MATERIALSAND METHODS

2.1. Preparation of Sail, Plants and Reagents

Samples were first collected from uncontaminated
soils in eastern of Thailand. Samples were randomly

taken from depths of 0-30 centimeters. The sampézs
dried and analyzed for their general properties taital

heavy metal content. This step involved determining

aspects such as soil texture, moisture content, tpél,
Cation Exchange Capacity (CEC), Conductivity (EC)
and Organic Matter (OM), total nitrogen (N),

Phosphorus (P) and potassium (K) as well as the_.

presence of naturally occurring heavy metals (eogal
Cr, Cr(VI) and total Pb).

Black plastic 8 inch diameter pots containing 5
kilograms of dry soil each were used in the expenin
A total of 84 pots covered with thick transparelastic
bags were prepared. The plants used Weapas comosus
(L.) Merr. Selected for uniform size and weight.

The Cr and Pb contaminants used,GKO; and
Pb(NQ),) were in the ratio of 400 mg Kgsoil for Cr and
500 mg kg" of soil for Pb. Each soil sample weighed 5 kg.
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solution with a soil concentration ratio of 774.48d
578.39 mg kg for EDTA and EDDS, respectively.

2.2. The Experiment

Experimental plants were thinned to 1 per pot and
allowed to grow for approximately 30 days. Soil
moisture content was maintained by adding 100 mg of
water per pot every day. After selecting plantshwit

increased risk of leaching. On the other hand, EDDSr].qealthy root systems, the Cr and Pb contaminates we

is produced naturally by a number of microorganisms

introduced using a solutions o0b®r,0; and Pb(NQ), at
concentrations of 400 and 500 mg “kgof soil,
respectively. The pots were separated into sevisn (€9
had 12 pots without any treatments (blank); (2) had
pots to which Pb but no chelating agents was add;
had 12 pots to which both Pb and EDTA were addéd; (
had 12 pots to which both Pb and EDDS were addgd; (
had 12 pots to which Cr but no chelating agentsewer
added; (6) had 12 pots to which both Cr and EDT Aewe
added; and (7) had 12 pots to which both Cr and &§DD
were added. The experimental design tested thess se
sets in three replicates. Addition of 100 millitgeof
water every two days in the morning was necesgary t
keep the soil moist. However, the absorption meisinan
might be from the plastic bags that covered thewdan
the plants needed more water in the drier parhefday.
No fertilizers were used in the experiment.

2.3. Sampling and Analysis

Soil and plant samples were taken at intervalsOpf 3
60, 90 and 120 days after adding the Cr, Pb anictimg
agents. Soil and plants were analyzed for totalGogy|1)
and total Pb. The soil samples were dried at room
temperature and separated into two parts. Onevwsst
ground and sieved by a No.2 sieve apparatus, kept i
storage bag and analyzed for background. The qiduer
was dried in an oven at 105°C for 48 h, ground and
sieved by a No.2 sieve apparatus, then analyze&ffor
and Pb concentrations. The plants were washedr2e3t
with tap water, using distilled water for the findhse.
Also, the plants were separated into two classes:
Aboveground parts (stems and leaves); and undergrou
parts (stem and roots). The fresh plants were vegigh
then oven-dried at 105°C for 48 h until a stablg dr
weight was reached and recorded. The dried plant
samples were ground and sieved using a No.2 sieve
apparatus and analyzed for total Cr, Cr(VI) andlt®b,
in each part of the plant. Total Cr and Pb in tbié and
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plant samples were determined using the USEPA 305Jinding was the amount of Cr absorbed into whold pa
method,acid digestion and by microwave digestiothwi of plant. The Cr solution concentrations in soil4@X0
the total amount calculated by Atomic Absorption mg kg™ soil were applied to one kilogram of soil at
Spectrometer; AAS. The Cr(VI) concentration in soitl various times: 30, 60, 90 and120 days. The resalt w
plant was analyzed by using USEPA 3060 method andhat the underground parts (stem and roots)
the total amount calculated by UV spectrophotometer  accumulated more Cr solution than the aboveground
. . parts (stem and leaf). In particular, pineapplenfda
2.4. Statistical Analysis from experimental set 6 absorbed the most Cr &ter
Descriptive statistics were performed using the days. The aboveground parts absorbed 545.72
Statistic Package for Social Science; SPSS. Thanea  milligrams per kilogram plant and underground parts
absorption data and the accumulation of Cr and Pbabsorbed 2,267.99 mg Kgof plant. A study by
within plants were analyzed using ANOVA and the (Lombi et al., 2001) found that EDTA was highly
results were compared to different data by Dundsais efficient in transferring Cr from soil to root, but

Multiple Range Test; DMRT. limited in its ability to transfer Cr from root tstem.
A study by (Lemeret al., 2002) found that certain plants

3.RESULTS may limit Cr transfer from stem to leaf. Neverthsslg

absorption of Cr(VI) was highest at 30 days in budints

3.1. The Properties of Soil Samples of pineapple in this study, with 224.12 mg-kglant in

-1
The uncontaminated soil used in the experimentavas aPoveground parts and 826.74 mg “kglant for
sandy clay loam with sand: Silt: Clay ratio of 68.8.40: ~ underground parts. The aboveground parts from
30.80. The other soil properties are showiable 1 and ~ €xperimental set 7 absorbed the TCr after 90 days,

demonstrate the acidity of the soil. the underground parts absorbed the TCr only af2ér 1
_ _ _ _ days: 513.68 mg k§ plant and 2,124.48 mg Ky

3.2. Accumulation of Chromium and Lead in Sail respectively. However, the absorption of Cr(VI) by

Samples aboveground parts from experimental set 7 was kighe

The accumulation of Cr and Pb in the soil is shawn & 60 days and absorption by underground parts was

Table 2. Soil samples at 30, 60, 90 and 120 days showed!/ghest at 30 days: 198.88 mg kglant and 784.61 mg
that the total amounts of Cr and Pb in the soike@sed ~ Kg~ plant, respectively. The experimental time periods
over time. The soil samples had low levels of oigan ©f 30 and 60 days showed statistically significant
matter and low pH, which increase solubility of &rd relationships between experlmental_ set 6 (whicheddd
Pb compounds, enhancing root uptake. High p|amboth Cr _and EDTA) and _both experimental set 5 (ddde
growth rate was associated with enhanced redudtion Cr but did not add chelating agents) and experiaieset
total soil Cr and Pb. The results for experimests 5, ¢ (2dded both Cr and EDDS) at(p0s.

6 and 7 showed that the total amount of Cr(VIi@ $oil

decreased as time increased from 30 to 120 days. B)'}'able 1. Physical and chemical properties of the soil used i

contrast, the total amount of Cr(lll) increased tiase - the_StUdy -
increased from 30 to 120 days. Cr(VI) is reducethim 50! Properties Soil values
soil to Cr(Ill) (Grohseet al., 1988). Sand (%) 63.80
Silt (%) 5.40
3.3. Effect of Chdating Agent on Cr and Pb Clay (%) 30.80
Uptakein Plants Soil texture Sandy clay loam
o pH (1:1 soil: Watey 4.4
The study of Cr and Pb accumulation in plants was cation exchange capacity (c mpkg™) 35
focused on two parts: Aboveground (stem and lead) a gjectrical conductivity (dS) 0.06
underground (stem and roots). The results are shown oyganic matter (%) 0.64
Fig.1and 2. Total N (%) 0.03
P Available P (mg kg 6.0
3.3.1.Cr Accumulation in Whole Part of Plants Exchangeable K (mg kY 48.0
The total amount of Cr absorbed is showrFig. TCr (mg kg?) ND*
1la and b which depict absorption by chelating agents TPb (mg kgh) ND*

of Cr from soil into the plant. The most signifitan Note: * ND = Not Detectable (<0.5 ppm)
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Table 2. The accumulation of Cr and Pb in the soil samples

Days
Experimental sets 30 60 90 120
Control TPb 476.742.71 469.641.52 459.0%3.77 451.1#6.63
Control TCr 364.5%5.24 357.8%1.31 354.194.13 346.342.33
Control C¢VI) 249.066.06 209.6816.24 156.641.48 114.224.17
Control Cclll) 115.5% 7.25 148.688.20 197.564.78 232.135.90
Cr EDTATCr 346.441.81 337.331.99 334.630.68 336.420.67
Cr EDDS TCr 354.522.17 346.664.14 345.721.84 344.481.57
Cr EDTA Cr\VI) 207.6217.50 180.148.31 142.3%2.43 93.342.61
Cr EDDS C¢VI) 216.721.80 188.2110.90 158.513.64 107.0438.47
Cr EDTA Cx(lll) 138.8216.61 157.194.82 191.685.42 243.102.85
Cr EDDS Clll) 137.8%1.60 158.45%5.06 187.214.69 237.44%.00
Pb EDTA 460.933.23 448.785.19 447.131.64 444.1%2.82
Pb EDDS 466.302.22 454.584.72 451.022.01 448.332.47
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- 3500 { @EDTACKIO) OEDTACKVI) BEDTATCr = Z7 3500 1@ EDTAC(II) @ EDTACx(VI) @ EDTA TCr
3 | BEDDS Cr(l) @ EDDS Cx(V) @ EDDS TCr 2 2 4400 | B EDDS C(l) @ EDDS Cx(vVI) @ EDDS TCx
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Fig. 1. TCr, Cr(lll) and Cr(VI) in plants (a) Abovegroundnpand (b) Underground part
1200 1200
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Fig. 2. The TPb in plant (a) Aboveground part and (b) Ugd=ind part

On the other hand, the Cr(VI) absorption mechanismexperimental set 5 (which added Cr but did not add
of aboveground parts and underground parts decteasechelating agents), experimental set 6 (which adbth Cr
with increasing time from 30 days to 120 days in and EDTA) and experimental set 7 (which added Kkuth
AJABS
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and EDDS). That the reduction reaction is a sigaift higher efficiencies for EDTA, compared with EDDS
plant mechanism that changes Cr(VI) to Cr(lll) ided in (Grcmanet al., 2003.

Shankeet al., 2005; Grohset al., 1988). 3.4. Efficiency of Chelating Agents on
3.3.2. Pb Accumulation in Whole Part of Plants Absor ptionof Cr and Pb by Plant

The total amount of Pb absorbed in plant is shown Data on the efficiency of two chelating agents, BDT
in Fig. 2a and b. These data describe the absorption and EDDS, are presented Filg. 3a and b. The EDTA
effect of chelating agents on soil Pb, as well s t agent had Pb absorption efficiencies of 0.31, 00461
effect of the pineapple plant parts. The most and 0.69% when time increased from 30 to 120 days,
significant finding is that the amount of Pb incsed respectively. Moreover, the EDTA agent had highler P
in all parts of the pineapple plant. Soil Pb absorption efficiency than EDDS at 60, 90 and 1a@sd
concentrations of 500 milligrams were applied t@on when statistically significant relationships  were
kilogram of soil at 30, 60, 90 and 120 days. Anays considered. On the other hand, the EDTA and EDDS
indicated that the aboveground parts (stem and) leafagent had similar Cr absorption efficiencies at8@ 60
accumulated less Pb than the underground parts (ste days, but EDTA had higher efficiency after 90 days
and roots). The results showed that the pineapple f Where EDTA was 5.3% and EDDS was 4.5%. Many
experimental set 4 (Pb+EDDS) had the highest abilit other published research studies support thesdtsr.es_u
to absorb Pb after 30 days when the aboveground©r €xample, a study of Cu, Pb, Zn and Cd absarptio
parts held 195.12 mg Ky plant, while underground efficiency in Zea mays L. and Chrysanthemum
parts held 691.44 mg Kyplant. On the other hand, coronan.umsho_vv_ed that the EDTA agent had higher Pb
experimental set 3 (Pb+EDTA) had the highest abilit @Psorption efficiency than the EDDS agent (laial.,

to absorb Pb after 60 days, with aboveground parts?006). The EDTA ‘agent had higher Cr absorption
holding 288.14 mg Kg plant and underground parts efficiency than oxalic acid (Hsiaet al., 2007) and the

holding 796.66 mg kg plant, respectively. The EDTA agent had h!gh heavy_metal absorpnon efﬂc;en
experimental time periods of 60, 90 and 120 days;:gm rS(;)(I)I'E t?)ulteg??l\/llgjl:ﬁgt ;bll%(’;g)transfer theslution
showed statistically significant relationships beéw " '

experimental set 3 (Pb+EDTA) and both experimental 3 5. Effect of Chelating Agent on Growth of Plants
set 2 (Pb only-no chelating agents added)

andexperimental set 4 (Pb+EDDS) aO5. Therefore _The study of pineapple groyvth considgr_ed .plant Firy
the Pb solution could be transferrea more easilgeun weight and observed expressions of toxicity indig

acidic soil conditions and soil Pb was more avéddbr withered or yellow leaves and truncated roots. The

. , o results are shown ifig. 4.
root absorbtion Al-Taisan, 2009) Findings from many Plant dry weight of aboveground and underground

research studies such as (Huaetgal., 1997) who  psans in samples with only Cr, Cr+EDTA and Cr+EDDS
worked with pea Risumsativum L.cv. Sparkle) are 55 shown irFig. 4a and b, decreased with time from 60 to
consistent with the findings of the current study. 120 days. Plant samples without added Cr or with

EDTA increased Pb absorption potential in soil crichelating agent showed statistically —significant
and the chelating agent affected Pb accumulation inre|ationships. These results indicate limited plgratwth
the aboveground plant parts. Significantly, this when Cr was absorbed, as seen in other studies. For
research confirmed the different characteristics of example, dry weight of cabbage samples decreasen fr
EDDS and EDTA as chelating agents. EDTA was 88.4 to 28.4 grams when Cr was added at a leviD ofig
found to act more slowly than EDDS and had ahigherkg™ soil (Hara and Sonoda, 1979)able 3 shows root
absorption efficiency. The comparative analysishef  |ength data from all seven experimental sets: Bl&kor
efficiency of EDTA and EDDS showed that heavy Pb only, Cr or Pb+EDTA and Cr or Pb+EDDS. Root
metal absorption in the soil increased at the samdength of the untreated control sample was lonigan &ll
concentration and the EDTA agent had higher other treatments, consistent with other studigb@effect
absorption efficiency than EDDS (Luet al., 2005). of Cr on root elongation (Panda and Patra, 2000ptR
Inanother studyPrassiarapal. was used in order to length actually decreased when 1 micromole of Cr
study its absorption efficiency for Pb, Zn and @d. was added. MoreoverCaesalpiniapulcherrimaroot
that experiment the effects of adding ETDA with and dry weight were limited by Cr at a concentnatio
EDDS were compared. This experiment also foundof 100 mg kg" (Prasackt al., 2001).

///// Scence Publications 365 AJABS



P. Sampanpanish and T. Pojanaporn / American Jooirdgricultural and Biological Sciences 9 (3): 3868, 2014

10 1

9 4 @EControl BCrEDTA @CrEDDS 0.9 {4 DOControl BPbEDTA BPbEDDS
= 8 1 E
s E
Es 2
503 _g

5 )

1

0

30 60 S0
Havesting time (day) Havesting time (day)
(@) (b)

Fig. 3. Efficiency of the chelating agent on percent apson (a) Cr and (b) Pb

60 60

BBlank @ Control ® CrEDTA® Cr EDDS OBlank BAControl ACrEDTA BRCrEDDS
504 50
401 . 40 4

(W]
[=]
I

Cr underground-dry weight (g)
= &

Cr Aboveground-dry weight (g)

5 L 0 0
30 60 90 120
Havesting time (day) Havesting time (day)
(a) (b)
60 ~. 60
c OBlank OControl ®PbEDTA ®@PbEDDS 2 |OBlak @OConwol @PbEDTA ®PbEDDS
f‘ﬁ 50 1 Eﬁ 50
- z
> Y f
9 =
T 304 2
& 20 A =0
g 5
g i
< 10 1 g
= o
=, an
Havesting time (day) Havesting time (day)
(@) (b)

Fig. 4. Plant dry weight of samples with added Cr or Pla¢a) (c) aboveground part and (b) and (d) undergtqart

% Sdience Publications 366 AJABS



P. Sampanpanish and T. Pojanaporn / American Jooirdgricultural and Biological Sciences 9 (3): 3868, 2014

Table 3. Root length data from all seven experimental sBtk; Cr or Pb only, Cr or Pb+EDTA, Cr or Pb+EDDS

Time (day) Blank Control EDTA EDDS
Cr/root length (cm)

30 11.5%0.55 8.130.79b 7.430.44b 8.180.40b
60 18.131.09a 10.480.71bc 9.180.81c 10.430.69bc
90 22.730.78ab 12.181.08c 12.881.64c 13.181.26¢
120 36.0%1.30a 14.981.37c 14.10%.19¢c 13.981.25¢c
Pb/root length (cm)

30 11.5%0.55a 9.981.28ab 11.661.11a 9.820.61ab
60 18.131.09a 10.130.92bc 13.481.67b 18.961.14a
90 22.730.78ab 20.480.51b 25.732.83a 22.730.64ab
120 36.0%1.30a 27.732.03b 33.231.91ab 31.63.35ab

Moreover, dry weight of aboveground and (HSM), Chulalongkorn University for all the support
underground parts in samples that had only Pb,practical information, helpful instruments and diewet
Pb+EDTA and Pb+EDDS (shown iig. 4c and d) was suggestions. Moreover, we are pleased to express ou
closer over time to samples that did not have Pbotin thanks to every person who gave us so much help.

Pb and chelating agents. These were statistically

significant relationships. From thEable 3 shows that 6. REFERENCES
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