Journal of Water and Soil
Vol. 30, No. 6, Jan.-Feb. 2017, p. 2032-2045

i

(39U aalio 5 pole) S5 9 O 4y i
2032-2045 . o 1395 uidwl =y 6 ol 30 >

5Kl 09,5 S (SB e 5 Cdl O i SO fwdenl s EDTA 5,5, 5

S 3 o poal b

3. *2, 1
Lz p 8- T0L S ol = e slmad
1394/08/16 : =5\ s &b
1395/02/08:: 3 4y 5 56

2>

SIS i1, @lils (alS glil 5 anlp Cusl (Sas :Siw Sl 4 039 LSl 4 00 &S Jols Sy sis 4 EDTA £p38]
oy ool Sy el g EDTA 3,87 5l gy polaie a8l anils SB (oo slaiShg 2 (ite i) g oo Ll s Gl
il L 530 SlS b LB 3 ol (SIR) &Sl osgySao oS irad 5 olld jlyulgisngind o jloysl U5 ,mmd culled
ol o 41 £)55kS 51 Jgo sk D 93 s 53 5 Sy sl  EDTA Jols talegl (slolos 00,8 Ll oS Lyl 1o )15 a9 o258
110 3% 2/17 L233l oo o 4 EDTAS s EDTAS (gl o csSilio ysbo & 45 315 5L zmlss 16053 (59, 28 5 21 44 7) oloj g 0l
1528 oj 3 EDTAS Lag cglys oy sablys 45 313 5l o 51 oyt 45 sl o )3 () 2505 105 4y Csnd oy ol il
s ounlite ylaj b 55 (6513 sine yeis EDTAB Jlag (sl o8 o 55 cdly Limls 1213 (i 9) o)l ytised oo coalsl L dunglio
13 45 sy 3 0L 4y s s walyp ale 1 15/7 5% 813 LzalS’ s i 4 CAS 5 CAS3 (ala o 5Silis ysbo 41 cysizran
= EDTA e 5l oxims olis gl 2,8 Iy Lials los cpdgl 0 curnd 01 12/8 5% 15/9 (s 5y oy sotlyd () ptiges ylo )5
S ylgigagiud g jlosgl 659,005 Sl Cllad yy rute B Syl 39331 105 Bk 519 S Sl gl 5 5U5g,m sl il clled
sl sl ey )3 Ltal58l ol & 5,8 gy I3l oo S L anlllas 350 (slaos 51 b sl Jloss 52 4 o ylos plad 3 utls S5 LS
s el Gial33l ol & w03l Ltalil adlins 5590 clagyloj dad 3 1y S5 SIR e Sy sl 5 EDTA 599381 395 sty S yies
290 EDTA Iyt S yaw sl

SIR EDTA (o 51 clleb oy oKyl [ glS g0 19

LS jloslarwl Ly ouisS” M Jolge Ko™ &y (o YLolS
SI51s e esino il  EDTA b 5l ol
o 5 (sl o (onlyd Gl cull 5 S > (S
(32 59) el ot
o MDAy g 0dgy Ol3l8 paiS WS 068 5l S EDTA
a5 el oS o Lls 5 Sl lmnd 08555 55
O Wi (28) cosl JiS 1l S Jglome 56 )5 Ll
S G lise sl i jl ) G Slg5 0 EDTA &S sl o0l
2 (34) 18T S I slge 5 358 5 oyl laaws] ogasy
ol Jds 4 2a b e 00958l S1S 4 EDTA o5 Sloj #dls
Jeseas (PK=ELTIB) oy Ly EDTA (VL (SaisS uShaS
Cow 4 |y iy g gy Jobs EDTA L oy sl uSlieS

4- Ethylenediaminetetraacetic acid
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4- Substrate-Induced Respiration
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1- Low Molecular Weight Organic Acids
2- Nitrilotriacetic acid
3- Dissolve organic carbon
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Table 1- Some physical and chemical properties of studied soil
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Figure 1- The effects of EDTA and citric acid on concentration of available lead with incubation time
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Figure 2- The effects of EDTA and citric acid on dehydrogenase activity with incubation time

1- Ethylenediamine-N,N'-disuccinic acid
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Figure 3- The effects of EDTA and citric acid on urease activity with incubation time
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Figure 4-The effects of EDTA and citric acid on alkaline phosphomonoesterase activity with incubation time
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Introduction: Application of EDTA may increase the heavy metal availability and phytoextraction
efficiency in contaminated soils. In spite of that, it might also have some adverse effects on soil biological
properties. Metals as freeions are considered to be severely toxic, whereas the complexed form of these
metalswith organic compounds or Fe/Mn oxides may be less available to soil microbes. However, apart from this
fact, some of these compounds like EDTA and EDTA-metal complexes have low bio- chemo- and photo-
degradablity and high solubility in their own characteristics andable to cause toxicity in soil environment. So
more attentions have been paid to use of low molecular weight organic acids (LMWOASs) such as Citric acid
because of having less unfavorable effects to the environment. Citric acid increases heavy metals solubility in
soils and it also improves soil microbial activity indirectly. Soil enzymes activity is a good indicator of soil
quality, and it is more suitable for monitoring the soil quality compared to physical or chemical indicators. The
aims of this research were to evaluate the changes of dehydrogenase, urease and alkaline phosphomonoesterase
activities, substrate-induced respiration (SIR) and Pb availability after EDTA and citric acid addition into a
contaminated soil with PbCl,.

Materials and Methods: An experiment was conducted in a completely randomized design with factorial
arrangement and three replications in greenhouse condition. The soil samples collected from surface horizon (0-
20 cm) of the Typic haplocalsids, located in Mashhad, Iran. Soil samples were artificially contaminated with
PbCl, (500 mg Pb per kg of soil) and incubated for one months in 70 % of water holding capacity at room
temperature. The experimental treatments included control, 3 and 5 mmol EDTA (EDTA3 and EDTA5) and
Citric acid (CA3 and CA5) per kg of soil. Soil enzymes activity, substrate-induced respiration and Pb
availability of soil samples were determined by standard methods after 7, 14, 21 and 28 days of chelates
addition.

Results and Discussion: The soil texture was loam and the indigenous Pb content was 25.55 mg kg™. The
soil pH was 7.4 and electrical conductivity of saturated extraction measured 2.5 dS m™. The soil carbonate
calcium was 14% and the content of organic carbon and essential nutrients were low. The results showed that
EDTA3 and EDTAS treatments increased Pb availability by 2.17% and 10% compared to control treatment but
CA3 and CAG5 treatments decreased it by 3.8% and 15.7% respectively. The Pb availability in control and
EDTAGS treatments did not change during the incubation time. The available Pb concentration dropped sharply
during the incubation time in EDTA3, CA3 and CAS5 treatments. The reduction rates in CA3 and CAS5 treatments
were more than EDTA3 treatment. This may be due to the high stability and low biodegradability of EDTA than
biodegradable chelators and low molecular weight organic acids. The results showed that urease and
dehydrogenase activities were significantly reduced in EDTA3 and EDTAS treatments compared to control
treatment. Urease and dehydrogenase activities were decreased with the increase of EDTA concentration.
Alkaline phosphomonoesterase activity was not affected by the EDTA3 and EDTAS treatments. In CA3 and
CA5 treatments, dehydrogenase and alkaline phosphomonoesterase activities significantly increased with
increasing the concentration of citric acid. CA5 treatment showed a prominent effect on urease activity compare
to CA3 treatment. The soil enzyme activities increased with incubation time. It seems that reduction in Pb
availability causes an increase of soil enzymes activities. Significant negative relationships were found between
soil enzymes activities and available Pb concentration (dehydrogenase activity (r=-0.906, P<0.05),
alkalinephosphomonoesterase activity (r=-0.747, P<0.05) and urease activity (r=-0.539, P<0.05)). The results
showed that soil enzyme activities were affected by Pb availability. The results also revealed that substrate
induced respiration enhanced by adding EDTA and Citric acid but additive effect of Citric acid was more than
EDTA. The CA3 and CAS treatments increased substrate induced respiration by 60.14% and 60.5% compared to
control treatment, respectively. The effects of EDTA on substrate induced respiration depended on the EDTA
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concentration. The application of 5 mmol EDTA per kg of soil did not significantly effect substrate induced
respiration but the 3 mmol EDTA per kg of soil incresead it by 22.11% compared to control treatment.

Conclusion: Based on our finding, EDTA application increased Pb availability as compared to control. In
comparison with EDTA, Citric acid did not have ability to increase Pb availability. Activity of soil enzymes
significantly were reduced by EDTA application. On the contrary, soil enzymes and microbial activity improved
significantly by Citric acid applications. It is suggested that lower EDTA application and higher Citric acid
concentrations can be considered for futures studies.

Keywords: Citric acid, EDTA, Enzyme activity, Pb, SIR



